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General Outline of the Report 


Most of the results pertaining to the work performed under the above 
grant had already been published. The list of these publications is given 
in the following (copies of which are included in the present report): 

1) Nissim, E. and Lottati, I.: Active Controls for Flutter Suppression 
and Gust Alleviation in Supersonic Aircraft. Journal of Guidance and 
Control, Vol. 3, No. 4, July - Aug. 1980. 

2) Nissim, E. and Lottati, I.: On Single-Degree-of Freedom Flutter 
Induced by Active Controls. Journal of Guidance and Control, Vol. 2, 
No. 4, Sept. -Oct. 1979. 

3) Nissim, E.: Flutter Suppression and Gust Alleviation Using Active 
Controls - Review of Developments and Applications Based on the 
Aerodynamic Energy Concept. Proceedings of the XI Congress of the 
International Council of the Aeronautical Sciences, Sept. 1978. 

There is no intention in the present report tu repeat results 
appearing in the above-mentioned publications 

During the course of the grant, its scope had been extended to cover 
some work done on active controls on the modified YF-17 flutter model. 

The results of this effort are summarized in two attached reports. The 
first report relates to the basic derivation of a suitable control law. 

The second report relates to the discrepencies found between analysis and 
wind tunnel tests and shov.s that they originate from the lack of proper 
implementation of the desired control law. These reports which are 
attached herein are the following: 
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Active Controls for Flutter Suppression and 
Gust Alleviation In Supersonic Aircraft 

E. Nissim* and I. Louatif 

Technion— Israel Institute of Technology, Haifa, Israel 


AppiicaUon ii mb-if In the pment iwpcr of the recently devdoped rdexed aerodynnadc energy concept and 
lyntherli terkniquee to tkc dcflaltion of appropriate active control lyetcnu for tke low- t petd ftntlcr model of tkc 
B-2707-300 Mipersonic cniiie airplane. Tkc cffactiveneM of tkc rcanltlng activated systemt te analytically toiled 
for ftniler tnppreaaioH, wing root b»ding moment alicvialion, and ride control (fnadage accdcraliom). Tkc 
remdu obtained indicate Ikal conddcrablc IncrcaM In flutter cpccdi can be obtained by the varionc control 
lyttenu, ndag a daglc trailiHg<cdgc control. In all caiei, the flnlter mpprcidoH control tyitcm led to a lub- 
stanlial reduction in both wing root bending moment! and in fnadage and wing acederationa. 


Introdaction 

T HEORETICAI analyses and wind tunnel tests of a low- 
speed flutter model (1/20 scale) of the B-2707-300 
airplane (Fig 1), were conducted under the supersonic 
transport (SSI ( Follow-on Program— Phase II.' Reference 1 
states that "two constraints of the airplane made a flutter-free 
design unusually difficult: 1) the relatively low payload/total 
weight ratio made additional structural weight or mass 
balance particularly distasteful, and 2) any arrangement of 
lifting surface planforms, thickness, or major mass relocation 
(e.g., nacelles) degraded the delicate cruise economy or c.g. 
balance " Because of this flutter dilemma, considerable 
efforts were directed towards the development of an active 
flutter suppression sy.stem with the objective of improving the 
flutter speeds of the SST airplane. 

Reference 1 shows that the developed flutter stippression 
system yields only minor improvements in flutter speeds 
(9.4^ increase with activated inboard ailerons, 3.2<V« increase 
with activated outboard ailerons, and 11.3% increase with 
activated inboard and outboard ailerons). The purpose of the 
present work is to apply the recently developed relaxed energy 
concept^ and synthesis techniques’ to the definition of an 
appropriate active control system for flutter suppression. The 
effectiveness of the resulting activated system is then 
analytically tested for flutter suppression, root bending 
moment alleviation, and ride control (fuselage and wing 
accelerations). 

Previous analytical applications of the relaxed energy 
concept for flutter suppression involved the BQM-34E/F 
drone aircraft’-^ (with a research supercrhical wing) and the 
VF-17 fighter aircraft' (suppression of three different con- 
figurations of wing store flutter). The present work sup- 
plements the applications to include supersonic type cruise 
aircraft and is also the first one to investigate the effectiveness 
of the flutter suppression system (as obtained through the use 
of the relaxed energy concept), not only for flutter sup- 
pression but also for gust alleviation and ride control. 

Description of SST Model 
and Mathematical Representation 
Ikvcriptiea of Ike SST Model 

Figure 1 shows the general layout of the B-2707-300 low- 
ixfcd flutter model As can be seen it is possible to activate 

Hiescnied as Papei 'v 0792 at the AiAA ASME 20th Structures 
■iti j Situciural Dynamics Conference. St I ouis, Mo., April 4-6, 1979; 
'ubmitted April 26, 1979; revision received Sept 5, 1979. Copyright 
1980 by E. Nissim Published by the Amencen Institute of 
An , in 4 ut' s and Astionautics with permission 
i! Jev .aiegories; Guidance and Control. Struciuial Design; 
't r .eu.' .iiy and Hydioelasticity. 

•Pt.'ff'soi, Dept, 01 Aeronautical Engineering Member AIAA. 


the two trailing-edge (t.e.) ailerons and the horuonial 
stabilizer. In Ref. I, activation of the two ailerons was at- 
tempted for purpose of flutter suppression and activation of 
the horizontal stabilizer (with geared elevator) was attempted 
for purpose of rigid-body stability augmentation In the 
present work, activation of the outboard aileron only will be 
attempted. This follows the results of a previous in- 
vestigation* which showed that for flutter suppression, the 
activated system should be located as near the tip of the wing 
as possible. The outboard aileron measures 13.4% of the wing 
semi-span and 26% of the wing chord. Its mid-span line is 
located around 72% of the wing semi-span. 


Equilioiw of Motion and Their Solution 
The equations of motion are formulated and solved (for 
both flutter suppression and gust alleviation problems) 
following identical lines as outlined in Refs. 3-5, 7 The flutter 
results are presented by root locus type plots taking the 
dynamic pressure Q^, as a parameter. The gust alleviation and 
ride control results aie obtained from a continuous gust 
program, using unit rms gust input based on a Von Kirmdn 
gust spectrum. 


Control Law 

The general form oi the control law employed in this work 
was established in Rel 2 using the relaxed energy approach. 


*0 

i *0. 

i 10 , 

mi 



30j 

40; 


BT 


OUTBOARD 

AILERON 



maOARO AILERON 


m 


POWERED 

STABILIZER 



GEARED 

ELEVATOR 


WATER 

ballast tanks 



ZO 40 M BO ’ <00 120 ikl 160 <80 

MODEL STATION l«l 


346 


E. NISSIM AND I. LOTTATI 


J. GUIDANCE AND CONTROL 



The control law fo' the t.e. control surface is given by the 
following general form: 


6^-I,86(.a,-ar)+Rrl‘* 2S] 


h,~h, 

b 


( 1 ) 


where 6 is the deflection of the t.e. control surface (see Fig. 2) 
and where h,, a, denote the translation and rotation of the 
30V* chord point of the control surface mid-span section, 
respectively (see Fig. 2). The parameters />, and «, similarly 
denote the translation and rotation of a reference point 
located along the center line of the fuselage and b denotes the 
semi-chord length at the control surface mid-span section (see 
Fig. 5). Rt is defined by the following expressio'* (see also 
Refs. 2, 3): 


The parameters a„ u„ are all positive and their values 
determined by an optimization program based on the gust 
response of the aircraft under consideration following the 
method of Ref. 3. 


Maibcmalkal Model 

The equations of motion, included two rigid-body modes 
(plunge and pitch) and nine symmetric elastic modes. The 
generalized aerodynamic forces were computed using the 
Doublet-Lattice method. The generalized inertia and elastic 
matrices for the flutter model were supplied by the aircraft 
manufacturing company together with the mode shapes. The 
t.e. control was assumed to be mass balanced. 


Objectives 

The following objectives were set for the present work: 

1) To define control systems fo: different values of 
assumed maximum flight dynamic p' essure (with M=0.2) to 
determine whether an upper bound exists for flutter speed 
(while activating a single t.e. control). 

2) To check the effectiveness of the resulting flutter sup- 
pression systems in reducing the wing root bending moments 
(b.m.) and in reducing the accelerations of the aircraft due to 
continuous gust inputs. 

3) To spot check the effectiveness for flutter suppression of 
a control system, as defined in objective 1 , above, at a higher 
Mach number, such as A/= 0,9. 

Presentation and Discussioi) of Results 

The presentation and discussion of results will be grouped 
under three major headings involving flutter suppression, gust 
alleviation and ride control characteristics. 
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FtaUtr SapprcMioa SyttesM 

The effectiveness of the activated t.e. control system can 
only be assessed by comparison with the open-loop system. 
The open-loop root locus plots for 0.2 and Af « 0.9 are 
presented in ngs. 3 and 4. It can be seen that for Af-0.2, two 
flutter dynamic pressures {Qpp) exist: the first with Qdf’‘‘32 
psf (for zero structural damping g) and <■),■» 89.7 rad/s, and 
the second with Qdf “ 82.5 psf (for g^O) and u/- » 25. 1 rad/s. 
Similarly, for M*0,9, three flutter speeds exist with the 
following values (for g»0): Qof^33 psf with Wf»81.8 
rad/s, Qd^-24.3 psf with >>21.8 rad/s, and QnF’^26.5 
psf with Uf^68J rad/s. Since some of the above flutter 
branches represent mild flutter instabilities the values of QpF 
for the cases where g« 0.015 and g»0.03 are included in a 
summarizing table (Table 1). It is interesting to note that the 
lowest value of Qpf increases from Qof «32 psf at Af=0.2 
andgxOto Qof=»51 psfat Af= 0.2 and g» 0.03. For Af»=0.9 
the corresponding values of Qpf vary from Qpf = 33 psf when 
g»0 to Qcf* 37 psf when g«0.03, thus indicating the 
existence of a more violent flutter. 


Determination of the Controi Law Parameters 

The control law parameters are determined through the use 
of an optimization program which minimizes the root mean 
square rms deflection rates of the control surface due to a unit 
rms gust input based on the Von Kdrmin gust spectrum. This 
procedure is described in detail in Ref. 3. 

The optimization was performed at two different flight 
dynamic pressures; at Qp >= 75 psf and at Qp = 89 psf, while 
maintaining The optimization procedure yields the 

following optimal control laws; 


For(2o=75 psf 

«=[L0 -I.86] +{s2 +2X1X34.48+ {34.4)^ 

, \iy 

+2X0.5X100.6S+ (100.6)^ / ^ 

r !h-h. 1 


with 


^rmi = 14.37 deg/s/ft/s 
6^1=0-236 deg/ft/s 
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The control law given by Eq. i3) will be referred u> 
control law I, whereas the one given by Eq. (4) will be refei • ed 
to as control law II. The meaning of the different paiaineteic 
ot the control laws, Eqs (3) and (4), is explained tit Refs 2 
and 3. There is no intention to repeat the various details 
herein except for the statement that the above results show 
that for minimum control rates, maximum damping is in 
tioduced around the frequency of 100 rad s whereas the 
minimum flutter frequency is around 90 rad/s. A secondary 
damping concentration is introduced by the above control 
laws at frequencies which vary with the optimization Qj, For 
Qu - 75 psf the frequency is around 34 rad 's whereas for 
Qu -S9 psf the frequency is around 20 rad s Both 
frequencies relating to the secondary damping concentration 
are in the neighborhood of the frequency relating ■ the 
second open loop flutter branch located around 25 rad s 


( loitd I Oitp f’eiformanie 

The effectiveness of the above control laws in flutter 
suppression at .W- 0.2 is shown in Figs. 5 and 6. As can be 
seen, the flutter branch relating to 32 psf and w ^ 89.7 
• ad s (for the open 1 wp case) is suppressed and yields no 
flutter up to (he maximum dynamic pressure used for the root 
locus plots (that is up to Qp = 120 psf). On the other hand, the 
flutter branch associated with the open-loop values of 
Qpf -82.5 psf and ia = 25.1 rad. s is only slightly affected by 
the activated t e system. For control law I, the value of Qp^ 
issociatcd with this branch iv increased to Qpf - 84 psf and 
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tor cviittol law II III 89 psf iwith g 0 in both cases) 
The aucnipts to iiuteace the values ot this flutter branch 
beyond Q,.f »9(i p-.! were nos successful Thiv result is in 
lerediiig '•imc the tclaxed energy approach does not ensure 
the supprecMoii of fluttei in all cases, due to the fact that it 
does not luin all the aerudyiianiic energy eigenvalue po.sitive 
tin the case ol the activated i e alone system) I or a l.c.-t.e. 
system the suppressi ’ii ot liuttei is ensured since all the 
aerodyiianiic energy eigenvalues assume positive values. 
Table I supplements the abovementioned results to include 
the effects of structural damping on the flutter speeds. 

If we disregard the increase in flutter speed of each flutter 
branch and view the overall increase in flutter speed of the 
SST model, we arrive at the following conclusions: 1) the 
largest increase in flutter speed is for = yielding an in 
crease of 67*/#, whereas the smallest increase in flutter speed is 
for g - 0.03, yielding an increase of 33<%. 2) The variation of 
the o'erall flutter speed ot the system with the dynamic- 
pressure at which the optimization of the control parameters 
is performed is very small. This is illustrated in Fig. 7 where it 
can also be seen that the maximum flutter dynamic pressure is 
obtained when Qpf is equal to the value ot the optimization 
Qp (that is around 90 psO- Finally, control law I was tested 
for fluttei at M=0.9 yielding the value of Qp, =76 psf for 
g = 0 and Qp, ~ 78 psf for g ~ 0,03 (see Fig. 8). 

Figure 9 shows a comparison between the results obtained 
in the prr>ent work and those reported in Ref. 1. As can be 
seen, tt c closed-loop flutter speeds obtained Herein are 
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Fig. 9 Comparison between various results for the SST model at 
M-0.2. 



Fig. 7 Variation of flutter dynamic pressure with dynamic pressure 
at which optimization Is performed at A/«< 0.2 (g ib 0). 


substan ially more effective than those reported in Ref. 1 for 
the same SST flutter model with g =* 0.03 and A/ * 0.2. 

Control Surface Activity 

The activity of the t,e. control (due to the different control 
laws) at the various flight dynamic pressures is shown in Figs. 
10 and 11 for various values of g. It can be seen that control 
law II requires about 3.3 times as large ripr control deflections 
as control law I, whereas rms control rates are larger by about 
66<?» compared with control law I. Hence control law I ap- 
pears to be better especially when considering that the dif- 
ference between the overall flutter speeds due to those two 


control laws is small. Figure 12 shows that the control surface 
activity of control law 1 at Af >*0.9 is smaller than the activity 
at A/ » 0.2 

Wiag Root Beading Moment Alleviation 
The quantitative effect of the activated t.e. system on the 
rms wing root bending moment (b.m.) is meaningful only for 
flight speeds which are below the open loop flutter speeds. 
For speeds above the open-loop flutter speed the nonactivated 
rms wing root b.m. must clearly assume infinite values. 
Therefore, for flight speeds which lie between the open- and 
closed-loop flutter speeds the alleviation must therefore be 
infinite since the clossd-loop system clearly yields finite rms 
values of b.m. The results »o be presented herein will therefore 
relate to a range of dynamic pressures up to 32 psf which 
represents the open-loop value of for g *0 and A/- 0.2. 
No attempt will be made to change the above value of g or the 
above value of Af. Figure 13 shows 'he variation with flight 
dynamic pressure of the rms bending moment ratio, defined 
as the ratio between the closed-loop and open-loop rms b.m. 
{denoted as (b.m.)/(b.m.)(,] fot the abovementioned two 
control laws. Figure 14 shows the variation with (2o of the 
ratio between the peak open- and closed-loop values of the 
b.m. as obtained from a PSD plot, an example of which is 
shown in Fig, 15 (with Qp~2() psf using control law I). As 
can be seen, the alleviation in peak bending moments is much 
larger than the alleviation in rms b m. at comparable values 
of Qp. It is also interesting to note that control law II is more 
effective in reducing peak values of b.m. and relatively 
ineffective (that is, yields only minor improvements over the 
results obtained from control law I) in reducing rms b.m. 
values. Hence, the increase in the control activity associated 
with control law II, although ineffective for flutter sup- 
pression appears to be effective for peak b.m. alleviation. 



JULY-AUOUST 1980 


FLUTTER SUPPRESSION/OUST ALLEVIATION ACTIVE CONTROLS 


349 



/... 

w -■ 

12 

8 



t'SW 



I'fl 


llflCtt 




4 


0 

6 20 40 60 80 1M 

b) P*' 

Fif. 10 VtriaitoR of control «iirf8cc nctlvily with dynimlc pressure 
(for vnrioaii vnloes of itnictural damping) at A/xO.2, uaing control 
law I (gxO): a) control surface deflection, ii) control surface rate. 



0 20 40 U 80 too 

b) P*' 

Fig. 12 Variation of control surface activity with dynamic preasure 
(for various values of structural damping) at A/>0.9, using control 
law II (g X 0): a) control surface deficcllan, b) control surface rale. 


Hg. 13 Variation of rms 
wing root bending moment 
ratio with flight dynamic 
pressure at M« 0.2 (g > O). 


B M 



s. lONimn i*A I 


4 


i 


10 »b 


( i)Nnio. ; AW I 



sb 4b • 

Qo pst 






is; 


10i 


’ g.o 

♦ 



O-ooit 

$. 00 ) 




Fig. 14 Variation of peak 
wing root bending moment 
ratio with flight dynamic 
pressure at AF- 0.2 (gx O). 


0. , . , 

6 20 40 60 80 100 

b) Op pol 

Ftg. 11 Variation of control surface activity with dynamic pressure 
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Fig. 15 PSD rc]>re*eiiUlloii of Mrniilixisil wing root bending 
MKimcat «l Mm 0.2 and Qi, > 2d ptf, lulng control law I. 
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Acceleration Alleviation 

For reasons similar to those given in the case of the b.ni 
alleviation, the acceleration alleviation is relevant lor flight 
speeds up to the open-loop flutter speed Here again, only the 
case relating to g-=0 and M-0.2 will be treated. Figure 16 
shows the variation of the rms acceleration ratio (defined as 
the ratio between the closed-loop and open-loop rms ac- 
celerations) at the center of gravity (c.g.) of the SST model 
Figure 17 shows the variation of the peak acceleration ratio at 
e g. The results here are similar to those obtained for the b.m 
ratio, that is, the activated systems are much more effective m 
reducing peak c.g. acceleration than in reducing rms ac- 
celerations at c.g. Similarly, control law II is relatively more 
effective in reducing peak c.g. accelerations than in reducing 
rms accelerations (compared with control law 1). 

The variation with Qp of the rms acceleration ratio for a 
point on the wing located at the midchord of the midspan 
section of the outboard control surface (to be referred to as 
the wing point) is shown in Fig. 18. The ratio between the 
peak accelerations at the above point with and without ac 
tivation of the control surface is shown in Fig. 19 as a func- 
tion of Qp As can be seen, the activated t.e. system is ef 
fective in reducing both the rms and the peak values of the 
accelerations at the above wing point Here, control law II is 
substantially more effective than control law I in reducing 
bvith the peak acceleration ratio (similar to previously 
discussed cases) and the rms acceleration ratio (unlike 
previous cases where the difference was small). 
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Fig. 19 Variation of peak acceleralion ratio at wing point with night 
dynamic pressure at V/« 0.2 (g » 0). 


Condusiutih 

The application oi the relaxed aerodynamic encigy method 
coupled with the previously developed synthcMv techniques 
yields effective flutter suppression systems when applied to 
the SST flutter model. The effectiveness ot the ci'ntrul laws 
obtained herein substantially exceed the ettcctiveness of 
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sinilwr systems designed by daseical methodi as reposted in 
Phase II oI the SST Technology FcrfJow*o« Prognun. TTw 
application treated in this work follows two successful ap- 
ni^tions rdatiag to the BQM-34E/F drone aircraft (DACT 
Program) and to the VF-it external store flutter suppression 
program, as mentioned earlier in thli paper. The beneficial 
effects of the flutter suppression system on both gust 
alleviation and ride control problems are in agreement with a 
previous work invulving combined l.c.-t.c. control systems 
based on the original formulation of the amodynamlc energy 
method. 

Cases can be envisaged where the effectiveness of the t.e. 
control system, based on the relaxed energy method, will be of 
doubtful nature. Such a case was encountered in this work 
when trying to inacasc the flutter speed associated with the 
second flutter branch. It is however felt that when such cases 
do arise, an alternative location of the activated control 
surface might prove to overcome this difficulty. Alternatively, 
a combined l.c.-t.c. control system might be attempted. 
Finally, it might be worth noting that the control lurfucc 
activity as obtained from the derived control laws in the 
present application is within present-day technology 
capability. 
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On Single-Degree-of-Freedom Flutter Induced by 

Activated Controls 

fc. Niwim* and I l otttnt 

Tfchnitm - Israel Institute of Technology. Hettfa. hr&H 


It t« »h«MrH IkM KlivMlAR of lli« lraMtiiK*e<iae ctMirol •( «« »irfi»ll l«Mi« to »lRil«>iieamriit-fr«ea»M t}pt 
MtiiMHIcit which »pM o\er ■ vcr> wMc reghNi of reduced frrtwrncie* A. hicliHUiit high value* of A (uattke ihc 
aoNaclIvttted kyvteni). These MahUfUev are showa to be «ea«Hlve la changes la gilchiag axis kteatioa. raairal 
deflecliea phase aa|^. aad valim of the reduced frequeacy These seasNhHIes of Ihc $lagle>degree>af-freeiloRi 
system cause Ihe acllvaled atrfoN lo be poleaiially seaslllvr lo chaages la flight ce /Itioas, and may be Ibe 
source of the maay dlfflcullle* eacouatered la supprevalag classical multl>degrce^f>freedom flutter by meaa* of 
active coatrols. The results preseated bereia relate to aero Mach aumber aad to a 20*b tralling-edge coairol 
surface. 


Nomenclalure 

/» = scuiuhord length 

r - wutiiiDlgain [see fcqs (l)and( 8 )| 

n displascnicni of the quarter chord point, positive 

dmvimaid 

/ MiMonal moment oi inertia per unit span 

Imt ) .he imaginary part of ( i 
A reduced frequency - uift i 

A stfucfurai stiffness 

/ aer*>d\naiiiic lift foil c, positive downward 

M aerodynamic pitching moment, positive iiosi up 

/ , M. ovcillatorv lih and moment coefficients due to 
plunging oscillation 

/ , W, oscillatory lift and moment coefficients due to 
pitching oscillation 

I .AT -oscillatory lift and moment coefficients due u> 
control oscillation 

M, cross moment of inertia {between torsional and 
control rotation degree of freedom) 

I flight velocity 

\ distance of pitching axis Irom the midchord jsoint. 

positive downstream 
• I angle of attack 

6 deflection of the trailing edge control surlaic 

pcHiiive downward 
V frequency of oscillation 

- phase angle between « and 6 oi h and A [see I ip 
(l)and( 8 )J 
p - air density 

Swr>S' ripK 

K - leal part of the associated parameter 
I imaginary part of the associated pacametei 

introduction 

T HI classical aeiivelastic dynamic instabiliiv. known as 
flutter, is a lesult of the interaction of two or mote 
structural degrees ol freedom fcach of the fluttering degrees 
of freedom is stable in the absence oi the remaining degrees of 


Irvedom Single degree of freedom type flutui n i.ihiimo 
ate normally aswKiated with either nonlim-ai aeiouvii 11110 
or separated flows ^ There exists, hownei. a single dcgicc 
ol ireedom type ol flutit. instability wimh is based .m imeai 
aeiodynamics. * and comes about when an airloil osciit.no m 
pitch atiiund an axis located in ihe vicimis ol its KaJiiiK edge 
at very low values of reduced Irequeiuv a Ihis msMbiii i i- 
known to originate from a negative aetoclvnaniu Jampuv 
teiiri caused by the unsteady nature oi the ovciuaiing liio 
This latter pitching instability is, howevei . ol acadmiK iMtuit 
only, due to the very low values ol leduccd luqui Ks 
icquited lot its existence In all other cases (having . cwti.u 
highei ,aiut o| A), the aerodynamic damping main.cs due i.* 
structural oscillations, are known 10 be always ot (vo.invi 
delinitenatuie 

Recent technological advances m auioinan, loiiiio) 
icchnologv have promoted a considciabk nuinbit ol m 
vesiigations regarding the efiects ol active .onriols on 
pioblems ol tluitcr suppression and gust alleviaiion An 
active coiiiii l sv -icni on a lifting suifaiv such as a wing, is 
designed lo actuate a control surfa c in tcsjo iise to 
Oscillation' ot the wing n, a mannei which 'labih/es ihe 
svsiem Hcii-t Ihe actoaied contiol suitave iiiIIihIikcs 
c.insideiahle chjitgcs I'l ih< aco dvnamii forces acting on the 
sssiem Siiui ih. deufiiin.ii> 1. ol siabilny boundaues toi 
mulii degree ol tuedoiii flui eiiiig sysiein using active 
cvintiols can be ,amed oui ntuheiicailv lor specitu examples 
onlv, and sin.t- ihe icsult' obaiiicd iiormailv lack in 
generaliiy. u is po po-.d to lu.csiigaie n. the present paper 
the existence ot instability bvmndaries involving activated 
single degree ol tiecdom svstuns SiMi single degree ol 
Ireedom insiabihiv boundaiH' can stive to indicate the 
regions ot detinue instabilities in .01. aciivaied niuin degree 
of freedom sysiein, but they cleat ly tail i»< nidicaielia regions 
of stabililv tor sUch s.sicnis These simpiifed insiability 
boundaries can .'hcieloic, heli* r> deli ic possible icgions ul 
stability in complex systems and piornoie some physical 
understanding of a complex problem 
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MathemfUk'al Model 

Ihe airfoil is assumed 10 oscillatv^ m pitch around an axis 
locaied at x^h Irom its midchord point {posiiive dnection of 
displacements and forces are shown 111 Eig I) Ihc irailing 
edge control surface deflection is assumed to be diisen by a 
control law of the form 


6 - f <«e ' 
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“ - 
lilt. I D»scH|K44»ii of the e«eM*(iii( ifiiitle>4i«f«e< 

of 'freedom tysiiem. 


where C derrote* the control *iun «nd ^ the phase an*k 
between « and & In the absence of structural damping, the 
equation of motion m the pitching degree of freedom assumes 
the form 

l& i- Ka + R^S’^ — L{x^ + 0.5)b + M (2) 

where /, R^. K are inertia, cross inertia, and stiffness terms, 
respectively, and L, Af are given by’ 


xpb*u)^[^4*^ +4,tt + 4,fij 

(3a) 

+A/„« + A/j5] 

(3b) 


The coordinate h refers to the displacement of the quarter- 
chord point (positive downward). 4*, A/*, 4*, A/,, 4*. and 
Ml are complex aerodynamic coefficients which depend on k 
and on the Mach number. For further definition of the 
notation, see Fig. I. 

Ignoring the inertia coupling with the control surface {/?„), 
and substituting Eqs. (1) and (3) into Eq. (2) and rearranging, 
the following equation is obtained using the relation h/b* 
- (x+0.50a): 

/d+ 1 K- rpb^yj)^ [ (x^ + O S) ^4* - {x^ + 0.5) 

X {L^ + LiCe'* +Mi) +M„ +A/jCe'* ] la»0 (4) 

Remembering that the values of the various aerodynamic 
derivatives are complex, that I, K are real and positive, and 
assuming the system to be statically stable, we obtain [from 
Eq. (4)] the following condition for dynamic instability: 

Im [ {x^ + 0.5) - (x^ + 0. J) (4. + LiCe<* + A4* ) 

+ A/„+A/,Ce**]>0 (5) 

where Im denotes “imaginary part of." It is interesting to 
note that Eq. (5) contains aerodynamic terms only. For any 
constant value of Mach number, instability boundaries can 
therefore be plotted using Eq. (5), for various values of 
reduced frequency k, of pitching axis locations , of control 
gains C, and of phase angle i. 

For the limiting case of pure bending oscillations of an 
activated control system (with mass balanced control surface), 
the following equation of motion is obtained: 

Bh + kh^L (6) 

where 

L^rpb^^HLih/b + Lib) ( 7 ) 



Fig. 2 Ih«mMIII> boundary for the aowielivated »liigl«-d«irar-»r 
lr**4»m piicMiig e«eHlalk>ii at « I. 



Hk 3 Invlabilily boundaries for acliviied system- 


Assuming the control law 

6*C{h/b)e* <«i 

and substituting Eqs (7) and (8) into I q (6). the lollowing 
condition for dynamic instability in puie bending is obtained 

Im[4» + 4*(>'» I >0 (9l 

In this case, the instability boundaries (I q 9) aie funenons of 
k. C, and ^ only (for any given constant value of Mach 
number) 

Presenlalion and Discussion of Results 

The instability boundaues for the single-degree-ol 
freedom, nonactivated system will first be presented for 
purposes of subsequent compaiison with the activated system. 
The pure bending instability boundaries of the activated 
system will then be presented in the form of C vs 1/4 for 
various values of i. Finally, the pitching instability boun 
darics of the activated system will be presented in a series of 
graphs. Each graph relates to a constant value of C and the 
boundaries are presented in the form vs 1'4 for various 
values of i The Mach number is kept equal to zero 
throughout this work. The system is assumed to have a 20% 
chord trailing-edgc control surface The aerodyanmic 
derivativs are computed using analy tical expression following 
the methodof Ref. 7. 

Instabilily Boundary for (he Unaclivaled System 

Figure 2 show» the unstable region caused by pitching 
oscillation as a function of the pitching axis location x^ and 
1/4. It can be seen that instability starts around the value of 
l/4>25 or 4<0,04. Furthermore, the critical location of the 
pitching axis is around the leading edge (that is, - 1). 
The instability boundary in Fig. 2 has been known for many 
years’ and it has little practical value due to the very low 
values of 4 associated with this instability. 
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Ewdslimiy fo^r th« 

Aetiv*teiii Piu« BcmMiig OtcNIsItoii 

Figure 3 »bows the msiabillty boti»d«ri«» C v» I * for 
varioitf value* of pha»e an.tl« i The unMable regKm Im 
above the varioui curvet, whereat the stable rcftoo liet below 
them The gain C u made to vary between 0 and 2 and the 
angk^ it varied between 0 and wiSOdeg For negative value* 
of C(i e., - 2 <C< 0 j, the instability curvet »Jtown m Fig 3 
have the fetm of then reflection (about the abtciisa) with the 
value* of i changed to lil + IW deg). Thi* point will be 
diKussed further in a tubtequent section of thi* paper 

It IS very interesting to note that ; 

1) Activated vingle degree of-freedom bending initabiiity 
occurs over a very wide range of value* of k (not nee'essarily 
low value* of 

2) Pha*c angle change* between 0 and 90 deg promote 

the instability, with if • 90 deg as the most ciitical angle 

Fhe instability subside* as tl is further changed toward • 

180 deg Positive values of phase angles (0 deg<il< 180 
deg) do not show any instabilities within the positive range of 
value* of C. as shown in Fig 3 

Instability Boundaries for the 
Activated Pitching Oscillation 

I iguiev 4 11 present the instability boundaries of the «c 
iivaied system Each figure relates lo a different fixed value of 
gain C'and shows the effects of the pitching axis location *4 
and the reduced frequency k on the instability boundaries. A 
careful study of the figures shows that: 

l! The insiabiluy boundaries cove' a very wide range of k 
values, including a high value of A 

2) The instabiliiy regions increase as the gain C is in 
pleased 

The laigest insiabiluy regions arc obtained lor phase 
angle of ^ = ±90 deg, with instabilities for both values 
‘tartmg with r»0.5. 

4) The least unstable location of the pitching axis lies 
around the midchord region (i.c , x 4 * 0 ) 

5) The phase angles ^ which maintain stability throughout 
the various values of C and lie in the first quadrant within 
i)<.^ <30 deg (that is, in the region of IS deg). 

6 ) A second range of values of i which maintains stability, 
except for lurge values of C(that is, C> 1 . 8 ), lies in the third 
quadrant around 180 deg For C»2 and i* 180 deg, 
the region tsf instability is very narow (around the midchord 
region) 

7j For 0<^<180 deg, two distinct regions of instability 
often occur (see, for example, Figs 7-11), with one region 
located at very high values of A (that is, ai very low values of 
1 A), 

8 ) The shapes of the instability regions vary considerably 
With the reduced frequency k. Mence, the employment of 
unsteady aerodynamics is essential for activated flutter 
analysis 
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CiuMHi'FqnN E)s|)reMi«iift of ibr Effet i* 
of CoitUrol Sttrfuce on the StobUMy BoMndarte* 

It has b««n shown ttuu in the absence of cor.irol vuiiacc 
rotation. single-clegree*of-freedom instability can only vkvui 
( or pttching oscillations providdd 1^A> 25 (see Fig 2i Siikc 
the remaining figures presented in this paper (1 e . Figv 3 i!) 
cover the range of 0<i/'A<i5. it follows that in', iiluy 
boundaries within this latter region mutt brought ah.>ut by 
the detrimental effects of control surface rotation Ihrve 
detrimental effects can be isolated from Eqs (5) and i 9 i 10 
yield cloied form expretsion* A study of the*e cxpuwionv 
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wheic (he added subscripts R and 1 denote, respe^nscls. the 
reaia .d imaginary parts of the ass(K;<*ied parametcisti c .1 
in the piecedingcase). 

Fhe value of is about one oider of magnitude laigei 
than over most of the l//t range o’ n' is. 1 A >1 5| 
Henu?, instability is largest around li^l«9() deg toi ihe 
preceding 1 .s range. Equation (10) also shows how the uul 
and imaginaty parts of the control surface lift coctfuicni aie 
turned into a pure bending damping coefficient thiough ttu 
phase angle 4 and control gain C It is worth noting that the 
following identity: 

r[I*|^sim{ -t-F^jCOsiM 

= -( l/*i^sin(^ + 180 deg) + /.j|ios{v • IHtldegl) (111 



Fig. 10 Instability boundaries for activated system with control gain 
value of C* 1.75. 


can shed some additional light on the effects of the different 
parameters and especially on the role of the phase angle 

( ontrol .Surface Fffects In Pure Bending Oscillations 
Equation (V) shows that control surface rotation is 
destabilizing when 

lmtrz.,e*)>0 

lU, alternati.cly, wuen 

( (/ ^siny. 1 f , cosy ] >0 tJOl 


implies that instability boundaries with positive ,>«ain values 
may be replaced by identical boundiies with negative gain 
values, provided the corresponding values of the phase angle 
v! ate inci eased by 1811 deg (as already noted earlier in this 
wo K). It mav also be observed that the destabilizing effect ot 
the contiol surtacc uitatioii is diieuly pioportional to the 
control gam ( 

( iinirul Hurfnvc Fffccis in Pure Pinning Oscillntions 

The destabilizing ettects ot the control surface during 
pitching oscillation^ van easily be isolated from Eq. (5) to 
yield 

ImtO'MW, u, +aJ)/,vll>« 
or. alteinatively. 

C[[M,^ lXH+a.f)/.,Jsin^ 

•t 1 ■ t VC, + fz , 1..0SV 1 >y (12) 

Here again the control suitace aerodynamic coeificients are 
transformed into main suiface damping cocfticients through 
the phase mgle v and control gain The inequality ex 
pressed by Eq (12i depends not only on the .elaiive values of 
1.^^, (which vary with k) but also on the 

pitching ‘axis location .v., which, in turn, affects the damping 
of the mam surface through the remaining terms in Eq. (5). 
Hence, the effects of the various parameters on the instability 
boundaries are of complex nature Even the dominance of 
Mj over is limited to a lower reduced frequency range 
(!/*• greater than about 4) than the corresponding one 
associated with the Z.j coefficient. Hence, fot 1/A>4, the 
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widwt )n»t«bilit> >vill iviut when 1^1 •WdcK li*»iell loi 
eximplc, illuMr«te» ihn point and «lu> %how' that at the lu^ci 
range of HA valuer, the widest mstabilitv tcgions ikcui with 
viluesof 111 I »e90def 


Some Remarks on Finder Suppression 
of Aclivaled Systems 

It can be seen that loi almost anv chosen phase angle heu 
exists a region ol pitching axis liHationv toi which single 
degree-of freedom instability exists This Mnpli.-s ih.it an 
activated trailing edge control may siabili/e a mode wiinsi 
pitching axis lies ouisidc the uiisiable legioii and set mas Ica-l 
to a sesete instability ol anoihei itunJe whose pitching axis 
tails within the unstable legion Smiilat scnsinuiie. u* 
changes m phase angles can also be vthseiscd (keeping il.i 
pitching axis location consiani). espcuallv in the low 
region ol 1 A oi ingh icgion ol A These lacis make 
stabili/ation boih dillicult and also sets scnsiuse to nuHlal 
and phase angle changes It is well known that aciisateJ 
fluiiet suppression systems have a tendency to be sensitive to 
changes in Might cimdilioiis and Might conligutations. m 
addition til (hen piissible adveise eflecis on inniallv siat'le 
modes It is. theielote. very jHissibU that this scnsiiicuc 
essentially oiigmatcs Mom the ah tementioned single degiee 
lit tieedoiii lasiabililifs lathci than Imm the rioie viimplev 
multi degree ot treedom Muitci 

It IS also well known that the classical hending tuision ivpe 
ol Mutter IS caused by the skew symmeiiic ciim[ioiienis ol itie 
teal pan iil the tteneiali/ed aetodynamu maim ■* It i.iii he 
shown that ssmmetiv in the preceding niatiix can he aihieved 
ii < s 1 85 4nd V 180 deg Im A O.t in it ( -2 and » Ho 
deg till A O' Iheiehne. elassual Mutlei will not lu.m loi 
values ol ( ei|U4l to those just specilied idepeuileiit on Ai 
Hence, Itom classical Muttei point ol view. (J shonld lie m itn 
ihitd quadrant, around v' HO deg As alte.idy noied tlie 
region of i > HO deg leads to single dcgiee ol lieedom ivpe 
instability foi values of ( ■»l 8 and is iniciioi to ihe Inst 
quadrant values from the point ol view ol the single degiee 
of freedom type mstabilitv Hence, if ( is limited to a value 
of ('<.18 and i 180 deg, no single degtee ol lutiioin 
Muitci will iKCUi, hut classical Mutlei mav ouiii It. on ilu 
other hand, ('isgivciuhevalucof I 85 oi laigei depcniiing on 
A, no classical bending-loision Mutter van occur, hut a singli 
degree ol treedom instability will take place Hence, a svsieui 
may exist (having v< around the midchoid region), toi whivti 
vtabiliration by means of activated nailing edge soniiol 
surface is impossible The siabili/ation ol such scstems ,aii 
only be achieved if modal changes are imioduscd rlt.u anse 
the pitching axis to shift Irom the midchoui region these 
results arc in agreement with those obtained hv the use ol the 
aerodynamic energy concept * 


CuncluUuits 

It has heeti shown that aciisaiiou i ilu- uaii.ne eOgi 
voniiol ol an airfoil leads to single i ,iecol ticedom isp* 
iiisiahihiics which span ovci a veiy wide legion ol lediued 
iicquencies A, including higli values of A (unlike ihe nona, 
uvaied sysieim The oiigin ol ihese instabiliiics lies m the 
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angle, and values of the rcdiued liequciu v lause itu aiiivainl 
an toil lo be iviiientiallv seii'iiive to vliaiigrs m tiniiu v,.n 
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Abatract 

The paper praaenta the current atate-of-the-art 
of the aerodynaelc energy concept. The lateat ap- 
plleatlona of the relaxed energy concept, Moat of 
which ere aa yet unpubllahcd, are alao preaented 
in thla paper. Theae appllcatlona Include the aup- 
preaalon of extarnal-atore flutter of three dif- 
ferent conflguratlona of the YF-17 flutter eodel, 
ualng alngle tralllng-edge (T.E.) control aurface 
activated by alngle, fixed gain, control law. Alao 
Included are aoee Inltia? reaulta regarding the 
auppreaalon of flutter oi the 1/20 acale, low apaed 
wind-tunnel model, of the Boeing 2707-300 auper- 
aonlc tranaport, ualng an activated T.E. control 
aurface. Additional reaulta regarding comparative 
atudy between activated leading-edge - T.E. and 
T.E. alone control ayateaui are alao preaented to- 
gether with a review of prevloualy publlahed for- 
mulatlona and appllcatlona. 

Introduction 

The ability of the aerodynaailc control aurfacea 
to promote flutter Inatabllltlea haa been known for 
many decadea. Claaalcal booka In the field of 
Aeroelaatlcltyll) include conalderable material to 
thla effect under auch headlnga aa "bendlt g-ailezon 
flutter" or "toralon-alleron flutter". Thtae con- 
trol aurface Induced flutter inatabilitieo ace 
traditionally overcoeM by reducing the deflectlona 
of the control aurfacea by maaa balancing of the 
control aurfacea. It aeeaw therefore reaaonable to 
aaaume that thla ability of the aerodynamic control 
aurfacea to promote flutter could be reveraed by 
appropriate control of their deflection, ao aa to 
combat the main lifting aurface flutter Inatablllty, 
auch aa the wing bendlng-toralon flutter. Indeed, 
to put It differently, the origin of flutter Ilea 
in the nature of the oaclllatory aerodynamic forcea 
which permit the tranafer of energy from the air- 
atream to the wing. Thla flow of energy could be 
controlled. In principle, by audlfylng the aero- 
dynamic forcea through appropriate deflectlona of 
the control aurfacea. The Impleawntacion of thla 
approach requlrea, therefore, a rapidly reaponding 
control ayatem which la actuated by Che motion of 
the uln aurface and which leai'a to an appropriate 
deflection of the control aurfa.'.e. 

The introduction of auch tetivated control 
aurfacea la not limited to probleiaa of flutter 
auppreaalon. Their potential appllcatlona apan 
over a wide claaa of problema related to the Im- 
provement of performance of aircraft. The recent 
technological advancea made In Che field of con- 
trol ayatema and the lncr«e»ed reliability of con- 
trol ayatem componenta, brought about by the apace 
program, have paved Che way for the incorporation 
of Increaaingly aophlaCicnted control ayateu In 
aircraft. In hla AIAA Von Karman LectureC^', 

I.E. Garruck atatea: "A major current trend which 


will play a dominant role In reaearch, developamnC, 
and practice during the yeara ahead la the union 
of modem control technology and aeroelaatlclty; 
for example. In control configured vehlclea (CC\9 . • . 
Although aeroelaaticlana and control apeciallata 
have In the paat uaually gone their aeparate waya 
and both flelda have become quite aophlaticaCed, 

In the leat few yeara there have been attempta at 
real cooperation and adaptation to each other'a 
methoda ao that Important InforaMtion haa been pub- 
llahad." Among Che numeroua prnpoaed appllcatlona 
In cev are: relaxed aerodynamic aCablllty, guac 

and auneuver load allevaclon (with fatigue damage 
reduction through modal auppreaalon) , fide quality 
control, flutter auppreaalon, taxi load alleviation 
and automatic con fTol of variable geometry. Aa 
could be expected aome of the propoaed appllcatlona 
have recently come to fruition; An active control 
ayatem haa been Inatalled on the B-52 alrcraf t(3>^) 
to control the reaponac of the rigid body mode and 
one elaatlc code (flraC aft body bending) to guat 
Inputs. Flutter auppreaalon by active controls 
has been deaunstrated lu flight'^' on the B-52 
airplane (the mild flutter Instability was Induced 
by an added ballast tank). Other applications re- 
lating to the control of the rigid body srades have 
been Incorporated In several military development 
areas, including the YF-16 aircraft. Applications 
relating Co the suppression of external store flut- 
ter are currently under way for the F4 airplane. 

In addition, a number of feasibility studies 
have been made to assess the merits (In terms of 
weight saving and of performance Increase) of ap- 
plications of active control technology to air- 
craft(B~1^7 Some of these studies were supplemen- 
ted by comprehensive wind-tunnel validation pro- 
grams. (l^TlS) 

As can be seen, the use of active controls spans 
a wide class of problems. However, one of the 
ms). " difficulties which characterizes the Intro- 
duction of active control systems into elastic 
structures lies In Che tendency of the activated 
systems to be very sensitive to system changes 
caused by the different flight conditions (such as 
flight speed, flight altitude, flight duration and 
type of mission) . This sensitivity Implies that a 
control system which Is optimized at one flight 
condition may either show consierable degradation, 
or even give rise to adverse effects at ocher 
flight conditions. 

The aerodynamic energy concept was formulated^^®^ 
In an attempt Co define active control systems 
which do not exhibit such sensitivities to changing 
flight conditions. There Is no Intention to pre- 
sent herein a review of the extensive literature 
in the field of active control of aeroelastlc res- 
ponse, nor is there any intention to review the 
different approaches and methods available for syn- 
thesis. Attempt will only be made In Che present 
paper to review the developments of the aerodynamic 
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•otrgy approach, togathac ulth Itb appXlcaciona, 

CO problaats of fluttar auppraaalon a^ gust alla- 
vlaclon (with amphaala on fluttar auppraaalon pro- 
blraa). Whanvar poaalbla, comparlaona will bo 
nada batwaan raaulca obtalnad by the aarodynamic 
anargy oathod >:nd thoaa obtalnad by othar oathoda 
auch aa claaalcal or modacn control chaory. 


Baale Concapt 

Tha aarodynamic anargy concapt waa davalopad 
primarily fc.- problema of flutter auppraaalon 
ualng active controla. It hlngea on the idea that 
alnce flutter inacabilitle' originate from the 
nature of the aerodynamic forcea, the rooca of 
thalr auppraaalon ahould clearly lie in the ability 
to modify thaae forcea. The above idea can be im- 
plamenCad provided the following problem can auc- 
caaafully be treated: Given a fluttering ayaCem and 
given a control surface which can be activated, 
what should be the ralationahip between the oscil- 
lation of the system and the deflection of Che con- 
trol surface (normally referred to as "control 
law") that will ensure the necessary changes in the 
aerodynamic forces. This problem has been treated 
in refs. 16, 17. Major points relating to analysis 
and results are presented in Che following section 

The Energy Analysis 

Let the n equations 

tK' » - .• [B + epb‘*s(Ajj + i Aj) ] {q}+[Ej (q) (1) 

represent the equations of motion of n structural 
modes with r activated controls, where at flutter 

(F) - 0 

and where w represents the frequency of oscil- 
lation: tB], the mass matrix; [Ap] and [Aj], the 

real and imaginary parts of the aarodynamic matrix, 
respectively: [E], the stiffness matrix; p, the 

density of the fluid; s, reference length; b, a 
reference semichord length; and (q), tha response 
vector. The matrices in equation (1) can be par- 
titioned into square matrices (n x n) relating to 
the ttructural modes (subscripted by s) and rec- 
tangular matrices (n x r) relating to control sur- 
face couplings (subscripted by c) . After parti- 
tioning the matrices, aquation (1) becomes 




C,s*^[,c^^] 


Kwpb-‘s([A^_.:A^^^] 


Assume a control law of the form 

{q^.} - [T] {q} (3) 

where [T] is a (r x n) matrix representing the 
transfer functions of the control law, and assume 
that no elastic couplings exist between structural 
modes and control deflections, thus causing [E )-0. 
It can be shown^^®*^'' that the work ? done by 
the system on its surrounding per cycle can be 
written as 


s^pb“*su^ 




[B J [T] - [T*]X [B JT 


and where 


{q} - ' }a^'' •• {q^ + 10 ^) 0 ^*" (6) 

The si,. ' determines stability, and therefore 
it is a’v: ’ aous to convert equation (4) to a 

more coi . .it form. It can be shown'3-6,17) that 
P can be reduced to the form 

P - %x2pbVa^L«RJ C^-]lV+ 

(7) 

or alternatively 

P - JtkWuTb («R,1+^I,1^ 


. . . + X (el + 5? ) 

n'^RjO I,n^J 


sre 

[U3 - -([Ai,3]+[Ai^J^+[Aj^J(t]+[t*]^[a,^j'^]. 


where [ X.] is a diagonal siatrlx of the eigenvalues 
X necessarily real, of the Hermltlan matrix [U] 

(as given by eqn (5)), and where the vectors {tR( 
and defined by the transformation 

The matrix [Qp + IQj] is a square modal matrix of 
the principal eigenvectors. 

Dlacusaiop of Energy Concept 

The work per cycle P done by the system on its 
surroundings has a direct bearing on the stability 
of the system. If P is positive, the system is 
dissipative, and therefore stable. If P is nega- 
tive, the system is unstable because work is done 
by the surroundings on the system. Equation (8) 
shows that if all the eigenvalues X^ of the sys- 
tem are positive, the system is stable regardless 
of the motions represented by the generalized ene- 
rgy coordl.iates 5. If more of the X 

eigenvalues is negative, the system is potentially 
unstable. Its ultimate stability is determined by 
the relative values of the terms ( and X. If 
the Z values make the positive eigenvalues domi- 
nate the right-hand side of equation (8), the work 
P is positive and the system is stable. If, on 
tha other hand, the ? values make tha negative 
terms dominate eqn. (8), P is negative and the 
system is unstable. Hence, the requirement for 
all X's to be positive la a sufficient but not a 
necessary condition for stability. 

For mass-balanced control surfaces ([B^]-0, the 
eigenvalues X obtained from [U] (Eq. (?II are 
dependant only on tha aerodynamic properties of the 
system and the activated control law (matrix [T]) . 

In the case of mass-balanced surfaces, the eigen- 
values are referred to as aerodynamic eigenvalues. 
These latter eigenvalues are, in general, functions 
of the reduced frequency k and Mach number M. 

If mass unbalance is a fixed quantity in the system, 
the eigenvalues X also depend on the fluid den- 
sity p in addition to their dependence on k 
and M. Hote that instability at zero airspeed can 
be brought about only through these mass unbalance 
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tirwi. All tb# rtiulCi pr«stnt*d In thl» p*p«r r«- 
l«t* CO M«s-b«l«nctd control «yst«ia only and 
Cbartfora, aurodynaalc alganvaluai art obtainad 
froB tha following [U] oatrlx 


talnad ualng thla Bodtl. Tha analyala and ratulta 
which accoapanlad tha original darivaclon of tha 
tnargy concapt, aag)loyad a tranafar funtClon 
Ktcrlx of tha fom 


nil - 

It aay ba rtcallad thac tha tnargy approach, in 
Ita original davalopnantC^^', nought to datermlna 
tha iMtrix [T] to randar all tha aarodynaaic 
aigonvaiuaa (of laatrlx [U] aq. (10)) larga and 
ponltiva. Thia raquiramant regarding tha aaro- 
dynanic elgenvaluea Insuraa both tha atablllty of 
tha ayatea (alnca P la alwaya poaitlva) and Itt 
xnaanaltivity to varloua flight conditlona (which 
aanlfaat thaaaalvaa in tha fora of changing valuta 
of X ai'.d changing valuea of tha ayaCaa raaponaaa 
t ). 

Generali rad Moda l 

The energy approach haa been foraulated for a 
general n degree of freedom ayatea. Therefore, 
the energy concept can be applied to any problem. 

The reaultfe of auch application, however, will be 
apecifii. for the ayatia conalderad aince tha gene- 
ralized ac ! ouynamJ c forcea depend not only on the 
ayatea geouc ry but alao on ita atructural natural 
mc'drtl i' lip.ni.ca. II, however, tha energy concept 
•> jjilied t ' a iwc dlaenalonal atrip, tlie aero- 
ivuds! Ef -K arc independent of geoaatry and 
1 , j .at .iV'item, Aa a result, the aero- 

vi.aBlr I .fc. lvalues ate Independent of any apeclflc 
,,:i culy functions of k, M, and the 
iiai,!>:ci lui ion matrix [T] . Therefore, If [T] 
is cttit.cd using a two-dlmenalonal strip as a model, 
•lu 1 1 * values ate applicabla to any threa- 
ci.er;,: n.. - wing within the limitations of atrip 
lhe <ry; tnus, the model is generally applicable. 
Sketch la) illuatrataa the generalized modal con- 
^.uereJ, and the arrows Indicate positive displace- 
ments and rotations. 

UNDISTURBED POSITION 



Ana ivsls of the Generalized Model 

rhe motion of the generalized two-dimensional 
model la defined by two parameters: the displace- 

ment h of the 30 per cent chord point and the 
rotation cz about this point. Two control surfaces 
arc assumed to be available for activation: a 20 

per cent chord tralling-edge IT.E.) control and a 
20 per Cent chord leading-edge (L.E.) control. Two 

aerodynamic eigenvalues, X , and X ace ob- 

Min max 


[T] - [C] + 1 [G] (11) 

The matrlcM [C] and [G] were aastaaed to have 
constant valiMS (In aqn (11)) thus making the sub- 
sequent sMchanlzatlon of the control law difficult. 
The matrix [T] was determined numerically by an 
optimization program which required X^lq to be 
positive end lerge over e wide range of k values. 
This was achieved by maximizing the area under the 
curve Xnin vs 1/k using the C^j and Gj.j terms 
as parastatars. 

It should ba atressed at this stage that the 
generalized two-dimensional laodel adoptad harein 
serves only to indicate, on tha basis of the atrip 
theory, whether energy is dlsaipatad or absorbed by 
the partial span atrip where the activated controls 
ara installed. Therefore, in order to suppress 
flutter with a minimum number of activated partial 
span strips, one should aim at dissipating enough 
energy in the activated strip, so aa to compensate 
for any energy Input by the nonactivated portions 
of the wing. One should therefore attempt not 
only to turn Xj,ij, positive but also to cause >Bln 
to assume large (and positive) values. 


Basults of the Original rprauJ,»tlPa_9f tbft-EnerRy.. 

Concept 

Typical results obtained with M-0 using the 
procedure just described (To) are presented in Fig. 

1 for the unactlvated system, in Fig. 2 for the 
activated T.E. control and in Fig, 3 for the acti- 
vated combined L.E. -T.E. control system (for fur- 
ther details see ref. 16) . The optimized values of 
the transfer functions [C] and [G] for these 
two types of activated systems are given by 

a) For the T.E. Control system 


1 

[C] - 

0 0 ' 

! - 

■ 0 o’ 

opt 

-0.35 -1.9 

opt 

0.35 0.1 


r 0.3 
! -0.115 


1 . 




i..7| 


tGJ 


opt 


-0.5 I.O' 
|o.45 0.2 


(11b) 


Tha following points emerging from these figures 
are worth noting: 

1) The value of Xjj^n for the ir./ctivated sys- 

tem (fig. 1) is negative throughout the range 
of k (0.0128 £ k £ 19.5) and the value of 
Tnax Is positive throughout this same range. 
Furthermore, the absolute values of |Xnin| 
and jXnaxI *^T’® aame order of magni- 

tude. 

2) The values of X,nijj for the T.E. system 
(Fig, 2) is only marginally positive (except 
at high k values) and is highly sensitive 
to off-design valuea. The values of C 22 
which improve Xjiini cause X^gj^ to deterio- 
rate appreciably. 
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3) Tbt optinw v«lu«a of for th« conbtnad 

L.E.-T.E. control ayctui (Fig. 3} Is large 
and positive over tha whole range of 1/k. 

Tba off-d«slgn sensitivity Is greatly reduced 
as coB^iared with the X.E. control ayatMi. 

Here again, the values of C22 which lsq>rove 
lain cause to deteriorate. 

The results presented In ref. 16 Indicate the fol- 
lowing additional Important points: 

4} Systems having two sensors (to determine both 
h and a) are superior to any slngle-sans'ir 
system. 

5} Mach number effects are beneficial for the 
iriiole k range for the L.E.-T.E. system 
(fig. 4) whereas the X.E. svstem shows minor 
Improvements except for the very low range of 
k values where some deterioration takes 
place. 

6) Tile values of Xmin (*nd X n..v ) for the L.E.- 
T.E. control system could be increased con- 
siderably by the simultaneous Increase of all 
the GjLj terms by a constant factor u/ur*^ 
(see fig. S) . The X.E. control system showed 
a deterioration In accompanied by a 

considerable Improvement In Xj^ when such 
an incraasB in its Gfj terns was attempted 
(see ref. 16). Thus, the control law for the 
L.E.-T.E. system could be brought to the 
following convenient form 

{0} - [Cl { } +i- [G] { (12) 

a a 

where Is u reference frequency which 
maintains the non-dimensional nature of eqn. 
(12) . Clearly, the mechanization of this lat- 
ter control law Is much simpler than the one 
given by eqn. (11) . 

The above results led to the conclusion that the 
L.E.-T.E. control system, driven by two sensors. Is 
the most effective system for purposes of flutter 
suppression. For this reason (he L.E.-T.E. system 
was chosen for testing the effectiveness of active 
controls in the early applications of the energy 
method. However, before proceeding to these ap- 
plications, a few points should be mentioned re- 
garding the physical significance of the optimized 
control laws (see sketches (b) and (cj). The opti- 
mized L.E.-T.E. control law will be chosen for this 





.Sketch (b) 



.5 li/b 


.45 h/b 




Sketch (c) 

purpose since It Includes the essen.lal features of 
the two control surfaces employed by the generalized 
model. 

It Is Interesting to note that the laaln effect of 
the In-phase deflections of the control surfaces 
Is to counteract any lift building up; that is, 
the lift Increase due to the angle of attack u Is 
opposed by the forces created by the deflections of 
the L.E. and T.E. control surfaces. Furthermore, 
the out-of-phase control deflections Increase the 
damping forces. It can therefore be seen that flut- 
ter suppression is achieved by both reducing the 
energy Input Into the system and increasing the 
dissipation of energy. 

Early Applications of the Aerodynamic 
Energy Concept 

The first application of the results produced by 
the aerodynamic energy concept was made using a 
S.$T type wing for which detailed analysis using 
at least 10 degress of freedom already axlstedd^l. 
Tha application was carried out by mendjers of the 
Boeing Wichita division under contract to the 
Langley Research Center. The wing configuration la 
Indicated in Fig. 6. Flutter control was achieved 
using several Independent strlpwise units each of 
which consisted of combined L.E.-T.E. control sur- 
faces having 20X chord each and activated by sensors 
located at 301 and 701 chord locations , (using a 
control law as given by eqn (11)). The results, 
employing M«0.9 lifting surface aerodynamics, sup- 
plemented by strip theory for the control strips. 
Indicated that the use of T.E. controls alone 
would Increase the flutter speed by only a few per 
cent ('c 5Z) while the use of the combined L.E.-T.E. 
systems yielded with outboard segment A alone an 
IIZ Increase, with mid segment B alone - 2SX In- 
crease, and with Inboard segment C alone - 2XX 
Increase In the flutter speed. The combined use of 
B and C led to an Increase in flutter speed not 
specifically determined but noted to be In excess of 
41!( of the original speed. A root locus plot cor- 
responding to this case Is shown in Fig. 7. A cor- 
responding experimental exploratory studyC^^) was 
undertaken In the Langley Transonic Dynamics Tunnel 
using a simplified version of a proposed supersonic 
transport wing design (Fig. 8) . The active flutter 
suppression method, baaed on the aerodynamic energy 
criterion, was verified experimentally using three 
different control laws (as defined by eqn (11)). 

The first two control laws utilized both leading 
edge and tralllng-edge active control surfaces, 
whereas the third control law required only a single 
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T.K. contri’l sutlai;*. At M4ch m«b»r 0.9 th» »x- 
ptrliMntal icaulti dMunattAtad liut««a«a In {lut- 
tar dynaaui. ptaaaur* Inaa 12. ^ par cant with a 
L.E.-T.E. actlva lontrol ayatna tu 10 pat cant 
with actl«a T E. control. Tlta •achanliat Ion ol tha 
L.E. coiitri>i haa aat with graat dltlltultlaa dur 
to what la m>w hrllavad to ha a control Inducad 
inatabllity . auaad hy tha aaaa unbatancad L.E. 
control. Aa a rrault of thla Inatabllity of tha 
L.E. control iwhich waa praaant avan at laro alt - 
apaadal a.tivatlon of tha L.E. control could onlv 
ba attaliiad at H>0.9. Havarthalaaa. tw> luportant 
^inta toUow thla aaaantially axpatlaantal atudy 

1) An actlva llutiat auppraaaion ayataa waa da- 
aionatratad auccaaalullv, uaing L.E. and T.E. 
control aurtacaa, to auppraaa fluttar on a 
•odal in a wind tunnel. 

») Itiaapact iva of tha difflcultira ancountarad 
in the m-chanUation tha L.E. control, it 
la Btill aigniflcant to note that a alngla 
I.r. cciitrol yielded aatiafactory raaulta in 
aupptaaalnit flutter over tha entire range 
. ; Ha. n nunbera taated. 

rotvii It tin, tent analvtt. al applicatioua 

ig a aeuhet dillorent control law, of 
: > -i* gi-.i, t'v eqn tl.i, with »i- a. ting aa a 

.iv; . , t •■ttn araal'.ei -r la, tiu- aane 

. . ■ ■ I 1 ,4 t!vr .ontiola becoawl , were aade 

. u . e. ut; i- ii ! vin-e t aubaonlc altcrait uaing 
.» dl:, .1 n..'.' api'i-'a. ni*^' baaed on aetodvna»U 

si.-i i>. rh. H»' air.iatt are the twin boon, 
iWiii i.iti. i>iop Arava SIX'! tranapcil imaxlnum naas 
iiH. Kg, Eig. dl and the Weatwlnd, twinlet 
. .i.i. ,e . r .onporl tnaxinun maxa 9d00 Kg) wliich la 
0 » t lalon of the Ri'ckwell Jei CoBwandet 

ilig. . ! ,c wing on each aircraft waa divided 

into . apaced atrlpa aa ahown In Elg. 11; 

lacti c. ijj. ,, iild a, v.>traK*date a pair ot active con 
loi., .;i.ai la, .’Ot chord L.E.-T.E. controlh). 

.1,, ..iHra ;c- ated along the horlrimtal tail were 
all ’Wco -cpana equal to one third and one tenth ot 
flic ;i .^outal tail aeniapan of the Arava and Meat 
.'.ii; 11 ,tjo- • eapectlvelv • The beat locat Iona 
I» I . a.fivated avat.n aioiig the apan >*i 

li.e .lug Vide deiemineJ for bendlng auiaient all, 
a; ie.il. illv'n in fuselage a, celerat i.*na, ami 
i.itic. ..t.ppi easlc'v Rcleience 19 d,ala with >l. i 
goal i.,i.t» wheieas releteu.e .’H ilesia wit!, t 
shape gc.m! .till peak valors toll.vlng toe t. c‘;i> 
neiiis ,l me tedeial aviation aulhoritiea. 

;l\i- aim Itaiuous t reatnent of flutter aupprea* 
a.o. auJ gu' t ailevlatlon pr.'blena folUn^s as a 
lUt .i.i. .vnaequeiu e »'t the control law derived by 
the ..»e of the aerodynanic energy whlv'h, aa al- 
rea.tv neu.loned earlier, acta to reduce the energy 
input into tic ayaten and i.rcreaae the dleaipatlon 
.'t energy. 

aiain pointa energliig fron thit application 
^ are brietly aumnarlxed by the following 
pv>!nta: * 

1) A alngle activated atrip located at the out- 
board region of the wing promotea negative 
bending noaienta iMj,) at the root of the 
wing during upguat conditlona taee Fig. 1.). 
These negative bending BKmanta are cauaed by 
he restraining forces exerted by the acti- 


vated atrip, at Ita outboard location, aa a 
taault of tha upward mtion of tha alrplana 
cauaad by tha upguat forcaa. For aiaillar 
rsaaona, an activated atrip located at the 
root region of tlia wing ptosMtea Incraaae in 
bending Bxsaenta during iqiguet conditlona 
iase Fig. U). 

To wvarcoaet thaaa dif ficultiaa, the con- 
trol law waa inodifled to activate the cont- 
rol eurfacea uaing tha alaatlc contrlbutlona 
of the Motion. In aatheauitlcal taraa, h 
and a in tha control law wart raplaced by 
Ih-hj) and («-ar) where the aubecrlpt r 
refere to a reference point around the root 
of the wing. Thla rtference point la .hoaan 
in auch a auuinar ao aa to "filter out" all 
the rigid body contrlbutlona to the control 
inputa. The reaulta following the intro- 
duction of the above changea into the cnitcol 
law (referred to In ref. 20 aa the extended 
control law) are ahown In Fig. 19. Aa cair 
be noted, the effecta of tha extanded con- 
ttol law on the maxlnun valuea of the root 
bending aioauint are indeed dranatic. The 
beat location of the activated atrip for 
Baxlanra bendlng-aonent reductlona ia In the 
tip region of the wing but inboard of the 
tip strip. 

.") The optlMUB strip location tor aiaxlmua In 
crease in the flutterspecd is at the wing 
tip atrip. Furtherrwore, the eifectlveness 
.»t tlie activated atrip la greatly Increaaed 
bv the Int rv'duct ion of the extended contr.’! 
law. Flutter apeeda could eaaily be In- 
.rease.i bv axire than 70X of the open loi.p 
Hut ter speeda. 

i) The ..ptlMun atrip location lot naximun re* 
dll. I i. 'IIS in tuselage accelerations Is at the 
t.»ot strip location for the ordinary con'rol 
iaw iFfg H). The extended control law 
Yield*, better reaolti with •'ptlaup' strip 
i... att.’it at the inboard region ot the wing 
tbut cleat Iv not on the reference strip, aee 
Fly. li’X. 

In s'liBBi.tt i •• iii^ the results .<f the above appllca- 
j, thiit me exten.led con- 

;ii>l law, which is baaed on the wing elastic defor- 
(aatt.Mis uiv. picsents a Major step forward in pro- 
uU ji.n ot tlutte: .hiij piosHlon and gust alleviation. 

It le.iis t.- .tl» St .,«plete decoupling between the 
rigid b.'iK tesp.mM's, elastic reaponaea, and the 
activated .ontrol tor.es. Aa a result, major im- 
proveisents in petiormance are obtained. For thla 
reason, free living wind tmmel models might show 
greatly reduced pevtormance as compared with clam- 
ped mi'dels unlaaa some fora ot an extended control 
law la used. 

The above applications have ahown that the 
energy concept produces effective activated syatama. 
There were Indlcationa, however, that the derived 
control laws could be improved and that the necha- 
nlxatlon of the L.E. control waa more Involved 
than that of the T.E. control. Furthermore, some 
of the control laws (auch as the one defined by 
eqn (11)) were difficult to realiie. Thir led to 
an investigation aimed at avoiding the use of the 
L.E. control while maintaining the effectiveneas 
of the activated system. The reaulta of this in- 
vestigation are described in the following section. 
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4ct lv» riutttr Swprf»«ioR U«tat 

tdK ««id T<io Control turfaci* 

Aa alrtady ttaCad aarllar In this pai»«r, tha 
L.X. control may praaant aooia control problaiM 
alnct It catrlaa ralatlvaly larca aarodynaadc 
hint# aoHanta. Furtharvora, thara haa baan ao«M 
raluctanca to Introduca a L.£. control du« to ita 
poaaibla datrlMantal alfacta on tha ganaral aaro- 
dynawlc charactariatica at tha win(. Tha actl- 
uatad T.E.-tab coablnation, if affactiva for Ilut* 
tar auppraaaioni could allavlata tha dlfficultlaa 
aaaociatad with tha L.E.-T.C. ayata*. U la ahown 
(21) that an 62 chord tab ahould ba choaan for a 
201 chord T.E. control, Tha raaulta obtalnad(‘l) 
for tha varlatlona of Viin with 1/k ahow that 
tha T.E.-tab ayatam actlvatad by both llnaat and 
rotational aanaora, haa a fluttar auppraaalon par- 
fonaanca cooiparabla to tha L.B.-T.E. ayataai. Tha 
auiln advantaga of tha T.E.-tab ayaCaa ovar tha 
L.E.-r.E. ayataai llaa in tha lowar actuator torqua 
raqulraawnta, wharaaa Ita auiin dlaadvantaga 
llaa In Ita ralatlvaly hlghar conttol aurfaca rota- 
tlona. Appllcatlona partainlng to tha T.E.-tab 
ayataM wara not furthar purauad In vlaw of tha pto- 
graaa aiada ragardlng tha activation of T.E. alona 
control avataa. Sosa datalla regarding thaaa 
davalopaianta ara praaantad In tha following cac- 
tlon. 


KrJ 4X^ t'J the Energy Concept 

Ob lat t Ive an d Formulation of Relaxed Condttlona 
Tha eiwigy approach, In Ita original develop- 
BH?nt^l'’\ aought to datamlpe the matrix [Tj ao 
aa to tender all the aerodynamic elganvaluea large 
and pJaltlve. Thla requirement regarding the 
aerodynamic elganvaluea cnaurea both the stabilltv 
01 the ayatem (since P will always be positive) 
and Its Insensitivity to tha various flight con- 
ditions. Since tha derived control laws ara of 
ganaral nature and do not take Into consideration 
any specific property of tha analysed system, It la 
possible to argue that the llmltatloni concerning 
tha pc'tentlals of tha T.E. control system to per- 
form affectively as flutter suppressor la In- 
herent In the above formulation of the problMa. 
Assusm that other methods of stabilization exist, 
or can be devised, and that all we wish to ensure 
la tha insensitivity of the stabilized system ti< 
vhangsa in flight conditions. The Isqillcatlons ol 
such sn approach on the energy concept Involve the 
relaxation of tha raqulreaient that all the aero- 
dynamic eigenvalues must be large and positive. 
Assiate, therefore, that such a relaxation Is now 
introduced which permits some of the aerodynamic 
eigenvalues to be negative. Stability can only be 
achieved under these conditions by modifying the 
reaponaea of the system so aa to render the re- 
aponaea associated with the pc'sitlve eigenvalues 
to be the dominant ones. Tltla latter requirement 
forma a peceaaary condition for stability but does 
not op-ure, in itself, the insensitivity of the re- 
sulting stabilized system to the various flight 
conditions. In order to ensure that this relaxed 
st.iMlity requirement yields s system which shows 
only small sensitivities to the changing flight 
conditions the absolute values of the negative 
aerodynamic eigenvalues must always be siade much 
smaller than those eigenvalues aasoci,.* ' with the 
dcmlnant responses of the stabilized system. For 
the ge.erallzed two-dimensional model adopted In 
this work, two aerodynamic eigenvalues, Inin and 


end kmax obtained. In the original derivation 
of the asrodytuBslc tnergy concept, i^in was rs- 
quired to bs posltivt sod large. In tha ralsxad 
energy ^proaeh,'^'^ Xmln !• permitted to be nega- 
tive provided 

1^ •• near iwximum value 

(siay be negative) 


and provided that theee relatione are maintained 
for all flight conditions. The above two require- 
ments ragardlng lain ^aax will be referred 

to as the "relaxed energy rsqulrwssnta”. Aa can bt 
noted, the above relaxation Is mads possible by 
abandoning the sufficiency condition for stability 
In the original formulation while maintaining Its 
InaenalClvlty to changes In flight conditions. It 
Is worth noting that sines Che dissipation of 
energy by the activated strip dspands both on fain 
and on fmax> the Importance of Xaax should not be 
overlooked even when fmln 1* poeltlve and large. 
Considerable IsiprovMtents In the potential perfor- 
mance of the activated control system suiy result. 

It changes In the control gains are permitted which 
lead to small degradations In fmln> provided these 
degradations ar accosqianiad by large Increaaes in 
fmax' Ihla Implies that while determining the op- 
timum values of the transfer function matrix [T] 
we aeek to optimize not only the area under the 
fmln curve but alau the weighted addition 

Of the area under Che fjuuc va 1/k curve, so as to 
satlslv eqns (11). Convenient ve.ys of perforating 
the above optlaUzaClon of the [T] matrix are de- 
sectlbed in ref. 1?. 


In addition to the above relaxation of the 
energy concept, two other major changes were Intro- 
duced In ref. 17: 

1) Unlike the original derivation, only reali- 
zable transfer functions sere considered 

1) The Influence on the target function of the 
very low frequency portion of the f vs 1/k 
cuives was reduced by both an appropriate re- 
definition of the aerodynamic eigenvalues and 
the leduction ot the k range frvxs 

0.0U8 ' k c 19. ■, 

as used Jutlng the original derivation, 
to 


O.tU c k ^ j.i 


Tlte redellntlon of the aerodynaailc eigenvalues 
involves the Inclusion of the frequency effects 
into these aerodynamic eigenvalues. Hence, aqn (8) 
was modified to the form 


^ + ^ + 


(W) 


yielding the following relation between Che \'a 
\ “ k^A^ (15) 

Hence, at the low range of k values, the newly 
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(biflcMd •igtavaluM art nauHtr tba« th« ofltlnall/ 
dtfla*d algwitvaluM by a factor of k . Thaaa 
cka»|aa parvlt tba giving of noro wolg^t to tlm 
latamadlatv fr*<|vMnrloa during tha optlnlaatlon 
proeaaa. 

Optlnlaatloa KaaiUta^^^^ ! 

Tho vaciatlun of ttM non actlvatad X'a with 
1/k la ahowa In Fig. 17. It la Intaroatlng to 
cenpara than* X with ihtlr i coimtarparta In 
Fig. 1 and to note tht largo changaa In tha aha{w 
of tha curvoa. 


(with k) la ra«ittirad whlla ualng tha L.D.t.T.F. 

(aaa raf. 22). For tha L.I.-T.K. ayatOMi larga 
Inpr av a n anta In tha valuaa of ara etrtainad 

(aaa raf. 17) with alnoat nagllglbla affaeta on 
tha valuaa of (m conparad with tha T.B. 

alona control ayatm). 

Tba working foma of tha ahovn trjaafar funetlona 
ara alaqillflad to tba following fozaa for purpoaaa 
of auhaa^uant appllcatlonas- 

For tha D.T.T.F. Matrix [T] la glvan by 


IWo t^aa t>( optlnlsad tranafar funetlona ware 
darlvad.Xi7) ih, firat type la rafarrad to aa tba 
daaplng type tran«far function (D.T.T.F.) and it 
aaauaaa tha following cptinuai valuaa for [T]. 


ITJ 


0. 

0. 


0 . 


-1.S6 


+ Ik 


*L 0 
0 ar 


4 



where a^ and ai ara poaltlva fraa paraMC'ara. 
rheia free paraaetara ware Introduced aa a t. ault 
of the unbounded behaviour of tha target function 
with raapect to Incrwaar of theac paranatara. The 
ttanafer fun> tlon for tha T.B. alone ayataai la ob- 
tained ftoei eqn (16) by letting aL“0. 


The arw ii type oi uptlnlxed traualar fucutlon 
is ilcftr.! !■.' a» the lucallaed dating type tcana- 
lei imi.ilor (( .Il.T.T F. ) and It aaaunaa the fol- 
lowing .i|'i lanj valuea tor IT] 



u. ] 

+ R 

«L Ol 

-4. 

4. 1 

t 

-1.861 

0 ex 

4. 

2.8| 


(17) 


wh. . ati. again a[_ and ay are poaltlvc free 

(whuh follow tha unbounded nature ol tha 
target i>ut ' ii>t< with Increase of these paranetara) 
jud K Ik given by 


* " (Tk)^ h^2ul^(lk) + k"^ 

wnet« h t. 411-1 k,i are poaltlve constants. 

Mg - w., w. »hi- ., ri4tlon of ^«in va l*k and 
. ve . . 41 v.iilo.a Mcvh nunbera using tha op- 

' 1a» led P r T F. , aa detlned by eqn (16) with «i.**0 
u... 4. ! F .-niy control ayatan) and at“2'i. 

:1ie -ni, ,.,.'dlng i-uvea ualng tha I.. D.T.T.F. 

! ? led i'v .-dns are shown In Fig. 19 ualng 

t :ie nim-ts >>f aj«l, ;-0.6 and kn"0.2. It 

an he aei-n that the results corresponding to the 
i».T-l.K >ig. IS) aatisty the relaxed energy re- 
quIiBMcufs taa expresaed by eqn (13)) over the 
whole range of k'a Investigated. The L.D.T.T.F. 
vlelds results (Fig. 19) which satisfy the relaxed 
energy requlteaents only around the peak region of 
the lurvee. The location of this peak region 
talung the Hk axis) it around l/k^ and the 
width of the curves (In addition to their height) 
ara controlled by the parameter i. In addition, 
stlffneaa tenaa are Introduced as It varies with 
k. These tenaa vanish whan k<-0 and therefore do 
not affect the static behaviour of the system. 

They, however, can he used to change the response of 
of the synten, If necessary, so as to ensure stabi- 
lization. In general, several R values can he 
used, having dlffersnt valuaa of kn> C and a'a. 

If greater flexibility in the X distributions 


0 0 

+ 

'•l 

-4. 4. ■ 

p -1.86 

* 

•T. 

. 3*2 


(19) 


where wg is a rafaranca frequency, nonaally cboaan 
aa tba i^n-loop flutCar frequency. For tba 
L.D.T.T.F., Matrix IT] la given by 


IT] - 


0. 


U. 

- 1.8 


+ 


^*L,1 *L,l'^*L,2 *L,2^ ° 

0 ^*1,1 *T,l‘*T,2 *T,2^ 



where 


(Iw)^ 

(irt)^ + 2t,ui_^ ,(lui) + (u ,)^ 

3 n»J n,3 


( 20 ) 


( 21 ) 


It can be seen that both transfer functions in- 
clude parsawters which can only be detemlned In 
connection with the aystSM considered. The 
L.D.T.T.F. has Mure paramters for determination 
and has store potential regarding posaibla changes 
in the tesponsea of the aystea. It la generally 
..■m;ide>ed to te preferable to the D.T.T.F. On 
the other hand, the D.T.T.F. has leas such para- 
BWters and, thetefore, their values ara much easier 
to determine. 

Analytical ApnlUstlons of the Relaxed 
Energy Approach 

An optimization procedure waa davelopad(22) foj 
the determination uf the various free parameters 
(that exist In the above transfer functions) so as 
to minimize control surface response to continuous 
gust inputs over a wide range of flight conditions. 
Most applications relate to T.E. alone control eys- 
tems in an attempt to determine their effectlvenesa 
for flutter suppreaalon. Extended type control 
lawa (driven by the elastic responses of the system) 
were exclusively employed in all applications. 

The first application of the above optimization 
procedure using the newly defined tranafer func- 
tions was made to e violent wing flutter case of a 
drone aircraft (29) selected by the National Aero- 
nautics and Space Administration for flight re- 
aeerch programs aimed at validating active control 
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•ystw eoaetpci. A plan vi«w druwiag ei tbt 
niglit v*hlcl«-r«atareh wlag eo*bl«*tioa^c alK>m 
In Fig. 20. Cutdad by prtviout ratulta^"). tbt 
T.K. control lucfaco wm placod m noar to tba tip 
of aach wing aa waa a true tu rally poaalbla (Fig. 21). 
All tha atrodynaalc foccaa wara ronputad ualng un- 
it aady lifting aurfaca doublat lattlca aatnod. 

Tha daalgn objactlva of tha flutter auppraaaloa 
ayatan waa to provide a 20X Incraaae In flutter 
apaad (to be danonatratad In flight) above that ot 
tha baalc wing. Although detailed raaulta re- 
garding thla caaa appear In ref. 22. prafarenca 
will be given hare to tha raaulta appearing In raf. 
23 alnca they Include convarlaona with raaulta ob- 
tained ualng claaalcal control ayatMi aynthaala. 
Table 1 preaanta a auanary of the calculated flut- 
ter charactarlatlca. It can be aaen that both the 
claaalcal and tha energy iiathoda achieve the ob- 
jective aet (or tha flutter ai^raaalon ayataai 
(with aoetewhat higher flutter apaad valuaa ualng 
the energy Method). Figure 22 ahowa coaparlaona of 
control aurfaca ratea and dlaplaceaMnta. Aa can 
be aaen, the naxlnun valuaa for the ratea (and dla- 
placaMonta) ualng tha energy Method are around 20T 
lower than thoae produced by tha claaalcal Method. 
In their dlacuaelor of raaulta tha authora atate 
(23); aajor dlffeiencea reault In the appli- 
cation of theae nethoda. The flrat difference la 
In eatabllahlng the form, galna, and break 
trequrncice of the anaping fxlter. In the ciaaai- 
val method, thla proceaa la a function of prevloua 
experience .ouplad with raaulta of analyala let 
the partl.uiAc ayateu being atudled and In general 
cannot Iv extended to other problena. In the 
aerodyiiamiv energy Method, on the other hand, a 
fixed f.ira f the ahaplng filter la given with free 
paraatetere available to fit thla form to the dyna- 
auc iharat tetlatlca of the ayataa being conaldered. 
The aecond difference la the manner In which th.; 
guat analveia la uaed. In the claaalcal method the 
guat la uaed to evaluate ratea and oefle' tlona of 
the control aval am after prellalnary dealgn of the 
ahaplng filter la cmaplete. If the ratea or de- 
fiectlosia are beyond the capability of the control 
lyatea then an Itaratlva procaaa Including changta 
to the ahaplng filter and possibly tha control sur- 
face size la begun. This process la continued un- 
til both the asublllty and guat raaponee requlre- 
Mtnte 4 te met. In the energy method, the fixed 
form of the ehaplng filter a' Iowa the gust to act 
A* a driver In establishing the free parameters 
which In turn permits tha minimization of control 
aurfaca activity while maintaining stability." 

A lecond applicutlon has recently been made to 
tha TF-17 tluttermodel''^^' with the object of aup- 
prosslng the external atore flutter of three dif- 
ferent store configurations ualng a T.S. alone con- 
trol surface. The geometrical description of the 
active control system is ahown In Fig. 23. Note 
that tha T.S. control surface spans only 7 per cent 
of each wing. Tha description of the threa con- 
figurations la given In Table 2 and the results of 
the optimization procadure are given In Table 3. 
These latter result! relate to M-0 and V>9S m/s and 
wera obcainad ualng a dynamic prassufe Qq which la 
twice the value (determined arbitrarily In the ab- 
atnee of a definition of tha desired flight enve- 
lope) of tha minimum flutter dynamic pressure, cor- 
rasponding to configuration B. A L.D.T.T.F. was 
employed and Its free parameters we< e determined 
using configuration B. Tha resulting control law 
waa maintained fixed during applications to 


confi-uiatlowi A aw) C Tt»a algnlfleanca of 
these raaulta la Chracfolds 

1) A slctglt control law with fixed galna la 
ployed for all configuratlona 

2) Vary large Incraasss in flutter dywmlc pras- 
auras art obtained for all cmflguratlona 

3) The affactlvaneaa of tha activated control 
system la maintained over the whole range of 
flight conditions (thus providing yat azuithar 
confirmation regarding tha potential of the 
relaxed energy concept). 

It may also ba worth noting that although the 
open loop conflgruatlon B la moat critical from 
flutter considerations, tha largest control surface 
activity corraaponda to configuration C. This 
activity can be reduced by Incraaalng the spaa of 
the control surface (^ 7X) employed in thla appli- 
cation. 

A single application of a I.E.-T.K. control aya- 
(em has recently been made ualng the previously ds- 
scribad drone aircraft. It la shown that the 
L.E.-T.E. control ayatem yields a closed loop sye- 
teai with flutter speeds which are higher than thoae 
of the T.E. alone system. In addition tha activity 
of esch ot the control aurfacea in the L.E.-T.E. 
system Is much lower then that corresponding to 
the T.E. alone ayatem. If, however, the perfonsance 
of the two syatems la Judged on Che basis of tha 
maxlmtsa control surface activity (corresponding to 
the desired nMX Increase in the flutter dynamic 
pressure) rather than on the maxismm flutter apeed, 
and if we further require that the performance ot a 
system with two control surfaces be compartd only 
with svatems having two control surfaces (In this 
esse s coiqjsrlion batween L.E.-T.E. and T.E. -T.E. 
systems) one finds that the perfonunce of the L.E.- 
T.E. control avstem Is cosqjsrable to the perfor- 
mance ot the T.E. alone system, with alight advsn- 
tege to the Utter system. Although this finding 
may be of specific nature end need not necessarily 
hold true tor other applications, it la of Impot- 
tance ji shows that a T.E. rlone control aya- 

cem can yield sesuUs whfeh compare favourably with 
a L E.-T.K. control system. 

It IS not unintentional that we choose to doss 
the circle ot appHcaKons by returning to the first 
example which served tc< test the potentials of the 
aerodynamic energy method - that la tha application 
lelatlng to the Boeing's supersonic tranaport. Cosi- 
parlson la now made between the results reported In 
reference 2b, and which forma Fhaae IT of the SST 
technology follc>w-on progtam, and thoae obtained 
through the use ui the relaxed energy concept 7 
Tliese results relate to the full span 1/20 scale 
low-speed isodel of the Boeing 2707-300 supersonic 
transport. Figure 24 shows the general configura- 
tion of the model. It esc be assn that two T.E. 
control surfaces are available for activation. Tha 
application based on classical control methodaC^b) 
attempted the activation of both control aurfacaa 
whereas tha application based on the energy approach 
(27) attempted tha activation of tha outboard 
aileron only (based on axparlance gained from pra- 
yioua applicationa(20)) . Theae results, which ware 
obtained ualng lifting surface unsteady aerodynaadca, 
are petaented In Fig. 2S. As can be seen, the ) 

energy method yellds an incra- t In flu'ter speed 
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of itX ualof tho outbocr4 oiloroa unly <muI 
L.O.T.T.F*) uiMtou tho cImoIcoI iMtbod yl«14« an 
incrowo la (luctat a^4 at U.3X only, vMlng 
i>oth out1»oar4 and inltoaid atlarona. Fortbanaora, 
tha anatty Method y la Ida the followins control iur> 
faea activity v{ tha outboard aileron, at a ayaad 
wfairh ia Ibt above tha inactivated flutter BFoed 

**MS " da*/a/a/a 

^KHS • 0.31 dryfat/a 

Theaa actlvitlaa are not conaldered to be axcea- 
alve. It should be noted that flutter apeada could 
further be increased b/ spaclfyint higher flight 
dynaadc prsaaurss when using tha gust optlnisation 
ptograai. 

Kenarka on Amillcattona uaint 

Hoder n Control rbao~ry 

The aut^H•r oi this paper la unaware of my najor 
conparative studies between designs based on tha 
aerodynaaili- energy autthod and those based on amdem 
control theory. Sosm use has, however, b<an Mde 
of the aetudvivasdc energy control law (a^aa (11b), 
ti.’)) as derived lor the L.E.-T.E. syateci In the 
original fcrsailatlon of the energy concept in con- 
nection Willi ^0M work which aaployed optimal con- 
II 1 ■eihoJs'-°J. The above control law war ap- 
rliedi^®^ i.i 4 two dlMinalonal subsonic atrip, with 
spe, l! ied .4, ,u4!-.-i dynasdes included In the anal- 
ysis. Tlo ir.lUs showed that the plunge and pitch 
BiHtcs wre stehillreii throughout the range of para- 
a, tel ty. yi ipated whereas the lesdlng-cdge con- 
trol a. V4S unstahle thtcughout this range Such 
4 v'uii'.’u 411 arise it one considers tha control 
1-iwa t tilt lorn given by eqn (3) to correspond to 
ih, ,01*1411.: .*i lections rather than to the actual 
i.* I'.lons. It should therefore be stressed that 
ontt >i sutt4. ,‘ dynasties should be cosipeiuiated In 
ill appl t. 41 1. ns eaploylng the energy control laws 
s. 4s t. i.iusr the tranaier function natrix [T] 
t< relate between the structural oaclllatloni and 
the 4. toa! ontrol aurfacs deflactfons. It Is 
w>'itt isen’, onlng the results which correspond to 
Uie 4hov> wntloned two dliMnsional strip as ob- 
tatnel ihiough the use of opclaal control theory 

It will be appropriate, however, to Make a 
hi let i:.tl Jj. U 'O to the Biethod uaed. 

(29) 

fl.e .lne«i opt Inal .ontrol theory rapuirea 
u. t .,u.,ilviie of Bet Ion « t the svaten to be br 'ugh‘ 
ti the folK»wing iorm 

tXt « lAjtXi + [Bjlul li!2) 

viirte :X. t. ‘presents the H state variables, 
lAi •,» t order H x N) the plant (or eyatea) aatrix, 
[Bj tot order K x ■) the control distribution aai- 
rrx; and tul (of ordar e) the control input 
vector. Both the Batrlcea [A] and [B] (nqn 22) 
ar constant for a given Mach nunber, gltun flight 
velocity 4»id given flight altitude. Optlnal con- 
trol theory requires the nlnlmlzatlon of the per- 
tor»ance index (FI), with equations (22) used as 
constraints, where PI is given by 

PI - / ((XJQHX) -h [uJ(PHu))dt (23) 

and where [g] is either positive definite or posl- 
tlvv sealdeflnite, and [F] is always required to 
be positive definite. The problsta now reaains of 


selecting the wei^ciag Mtclees [q] and [P]. 

For the BlaUUxatioa of (u), (Q) is cboiea aa 
[Ql“-0. The raaultlng optimised control law, whlea 
is of the fora 

(u) - ITJ{X1 (2A) 

wHara tha Tjj taraa are eooatamta, eauaoa all 
tho stable optm-loop elgaaviluea to roBalm vnchiBgod 
while the opao-loop unat^ie tlgenvaluM ara ra - 
fleeted about tha Iw axis (that la, tha sign of 
tha real part of the unstable roota la raveraed). 
Thia result (aaa alao raf. 31) paraita appllcatfod 
of tha ”pols placaBent*' laathod for the determina- 
tion of the matrix [T). Application of the above 
optimal control method was made to the two dlmon- 
aional strip axampla using a T.K. only control ays- 
temi*”' The stabilised closed-loop ayataai was found 
to bacons unacabls below the opaa loop flutter 
spaed, thus showing the importance of the aenaitl- 
vity of the activated system to off-design condi- 
tlone. The stove aystam with two control aurfacaa 
was avantually stabilisad by raflactlng the un- 
stable flutter eigenvalue about a line parallel to 
the iw axle and creasing the real axla of the 
root locus pint at a value of 1 rads/aec. Such a 
reflection la arbitrary and la not, in itself, a 
result of application of optimal control considers- 
tlona. It cat. thus be aeon that off-design conaidt- 
ratlona forces the deslgnti to conproniac for a 
suboptlnal systaa. Tha aavodynaaiic energy concept 
Incroducea these comptonlsts in a conhtatent man- 
ner wheraaa other awthoda deal with thia problen in 
an ad lioc arbitrary fashion 

An additional point which la worth noting relates 
tu the i'tclusion of tha actuator dynasUca in the 
plant e-iust ions (22). It is felt that such inclu- 
alon''‘®>^^ la limiting iir.ee parameters relating 
to control surface uyaemics can be changed if nece- 
aaary so as to reduce control eurface activity. 

The exclusion of control surface dynamics from the 
energy aynthesie considerations should therefore 
be viewed aa promoting efficiency rather than aa 
a llaUtatlon. The fo m of the various R'a (aqn 
(18)) associated with the L.D.T.T.F. have the fora 
of an actuator tianafer function. It la therefore 
possible to vuw the valuta of the optimised R'a 
as repreaentlng the desired actuator dynamics. 

These lattei values clearly indicate the changes 
that need to be Introaiced into tie axlsting actua- 
tor. 

Aa 4 ittwl l••matk, U t» interesting to note 
that the determination ol the control law using the 
energy concept aieeta none ot the difficulties which 
characterize the optimal control approach such aa 
probliwa associated with aarodyi,amic modeling, 
state augmentation and eventually, the state vector 
identification for purpoats of imp lamentation of 
the control law. The use of the contlnuoue gust 
program for the minimization of the control surface 
activity using the energy method presents absolutely 
no aerodynamic madellng or state augiaentatlon pro- 
blems. Stmllnrly, the relationship batwien the con- 
trol surface deflection and the response of the 
wing at a apaclfled location (see eqn (12) as an 
exaigils) presents no need tor state vector Idsntl - 
flcatlon (this is similar to the X.t.A.F, concept 
developed In reference 8) . 

Concluding Rmaarka 
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The paper presents the current stats-uf-thc-art 


i 


ot tli>« 4Miro4riMle MMirgy e»»e*pt. Vmmt jf tb* 
afyllMtliHM r«lAtiac ta Cht ttlMrti MMrty mUw4 
bay* Mt ytt baa* rubUabtd. It la (alt tlvat tha 
ralaxad anariar Mtha4> eati|ila4 vith tba guat raa> 
p»m» aiitlmlMtioa pr«ca4ara ylaUa affactiya cen- 
tral ayataaa (or tba ait|ipraaalo« o( flutter. Theaa 
ayatoM my oonalat e( aitbar L>K.-T.E. ot T.K. 
aloM control aurtacea. THaaa actlvata<i ayataam 
my alao ba ua«d (or guat load allavlatlon and 
rida control (if a^rgrogriataly located) aa ehew« la 
oaa of tha early apfillcatlona. There roMalna to 
axtend tha aethod to tha etd^raealc (light ragiee 
and to teat tha poaaibla adyaatagaa o( darlvlag 
control lawa baaed on tha ayataa'a ganarallxad eat- 
ricaa (aoaewhat along tha llnea of ref. (11) uaiag 
the relaxed energy apf roarh) rather than on tha 
ganerallred two-dlnenaional atrip nodal. 

Purthar aubatantiation of reaulta la iMeded 
uaing both wind tunnel nodela and (light teat pro- 
grana before attonpting to incorporate aouM flut- 
ter auppraaaion ayateaw in either axiating or 
(utura aircraft . 
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Fig. lain v« 1/k «t varloua Mach n-jmbara. 
Wing atrip with L.E.-X.E. controla 
uaing aqna (11), (11b). 




S, 



Fig. 5. lain /b 1/k for \< lous valMea of 
u/ui^. Wing strip with L.E.-T.E. 
controls using eqns (lib) , (12) . 



Fig. 6. Effectiveness of L.E.-T.E. system 
as flutter suppressor for SST 
type wing with engines. 



Fig. 7. Boot locus plot comparing the un- 
modified airplane with modified 
one for combined case B and C of 
Fig. 6. 



Fig. 8. Experimental wing for flutter sup- 
pression shown mounted in the 
Langley transonic dynamic tunnel. 



Fig. 9. Flan view of Arava STOL Transport. 
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FIs. vl*w of Ucutwlnd l>u«in«a« 

j«t tranaport. 
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FIs. Strip allocatlona along wing anJ 

horltontal tall of Arava anf 
Haatwlnd aircraft . 



rig. 13. Variation with tiiw of wing root 
handing wMiant. Haatwlnd trana- 
port with actlvatad L.B.-T.E. aya- 
tOM at atrip 10 and with fiaax'*0-^ 
rad. 


without controla 
with iontrola 


Ki 

**' 

>( 
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Fig. 1 h. Vatlatlon with tlma of wing rotU 
banding noman C . Uaatwlnd trana- 
port with actlvatad L.E.-T.E. aya- 
tam at atrip ^ and with ^max"0>*' 
rad. (ualng axtendad control law). 



I ! > I t t 


Fig. 1.’. Variation with time of wing root 
bending nonant. Waatwlnd trana- 
port with activated L.E.-T.E. aya- 
t«a at atrip 4 and with Smax"^-' 
rad. 


Fig. 13. Variation with tine of linear 

acceleration at centet of gravity. 
Vit .twlnd tranaoort with activated 
L.E.-T.E. ayatam at atrip 10 and 
with Smax”^-'^ 
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— • wJth control* 
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Fig. 16. Variation with tln« of lln*-\r ac- 
cclaratlon at c*>ntar of gravity. 
Waatwlnd tranaport with activated 
ayata* at atrip 6 and 
with rad.Cualng axtandad 

control law). 


M* O — 0.9 
□ — 0.7 
O — 0.5 
A — 0 


® 5 10 15 20 25 

(b) I 

max 

Fig. 18. and X„ax va 1/k at various 

Mach numbers. Wing strip with 
T.E. control uaing D.T.T.F. 






Fig. 17. lain and vs 1/k at various 

Mach numbers. Wing strip with no 
control surfaces. 


Fig. 19. loin and l^ax vs 1/k at various 
Mach nvaabera. Wing strip with 
T.E. control using L. D.T.T.F. 






Klg. 20. Plim vltw of drons itisarch vahicl# 
(llntar dlmaiuilotui arc in lactara). 



Fig. 23. Plan view (achuMtlc) of YF-17 
flutter Model. 



I 



Fig. n. Ceonetrlcal deacrlptlon of active 

control ayatem for the drone vehicle. 



Fig. 24. General configuration of the dSX 
model. 
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Fig, 22. Conparlaona of control aurface ratea 
and diaplacements for the drone 
vehicle. 
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Fig, 25. Flutter raaulta for the SST model. 
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llfrRODUCllON 


The investigation rfi>orted in this work relates to the 
bupi'ios.. ion of extunial store flutter In the YF-17 flutter moile I . 
Configuration B was specified for the above purpose with the 
objective of enabling the activated model to be tested in a wind 
tunnel at Mach number M * Q.8 and at dynamic pressures up to 69% 
above open loop flutter dynamic pressure. A schematic plan view of 
the model is shown in Fig. 1. Two control surfaces are available 
for activation: A leading-edge (L.E.) control and a trailing edgi 

fT.E. ) control. Control laws are defined in an attenqat to meet 
the above mentioned objectives. No attempt is made, however, to 
gel into the details associated with the mechanization of the > )U* 
trul laws obtained. 


Math em.i t leal Mode l 

The dynamic characteristics of the model were supplied bv NASA. 
They included generalized masses, natural frequencies and mode 
shapes for 10 symmetric structural modes in additivui to two rigid 
body modes. 'Hie generaii.-ed. aerodynamic furces were computed usiitg 
the Doublet-Lattice method with 126 boxes on each wing and 32 boxe.^ 
on each halt horizontal tall. 

The formulation ol the equations of motion and synthesis tech- 
niques are based on the relaxed aerodynamic energy approach^^\ 
Tl.c gen. ral form of the control law en?>loyed was established in 
Kef. (2) and is given by the following expressions 



whcMi* I ill t are the die t lei i ii'ua of the L. E. and T.E. oimtr>'l 
•i .rfaies, i espe. t ivel;‘ , and where hi, 'j denote the tranalation and 
i.»t iilun <>t the 10 per cent ehord point at the control eurlace ud 
pan sect ion re.spectlvely (see Hg. i). The parameters h^ and 
...ti.tH’ ieaote t lie tranrlatiou md istation ol a reference poltu 
io. itc i il. .-g the Ci'uter line oi th« t.iselage and h denotes the :en.i 
ii.iiil leii.i'.s at the control <urta i uiia span section. flie K' .u e 
,J Jt'xi by i ho lolloviing expressions 


■*i -£1 


+ .* 






S 4 


n ! 


a . S' 

S' -r . O' 

‘ n 


H -b „ • 


(lb) 


n> 


> ere s i *' ana where u repiesent- the i oiptency oi oscillation. 

Iho parar. . t ers a., are >11 po It ve and their vaUies de- 

it jruned !»y .m optimization proyssm based on the gust respense of the 
i.u'dei !«»; : win? the method ? • K< t i. !’! . 1 .u i.i. t, is in ( i. tl) will 
: 0 .■i.’ se ■ ;od hj . Ither L.H. oi IM. iJico • .i-tereiu'i to either 

b. <u t- , ts'iitioi law tiausi. ; ■•a.oiio; -., i< le. tlvclv. 






Pregentatlon and PlacusBlon of Reault a 


The root lucus pli't for the open loop system, with the dynamic 
pressure acting as a parameter, is shown in Fig. 2. As can be 
seen the value of the dynamic pressure at flutter (Q^ ) is equal to 

F 

Qd “ 84 paf. with frequency w » 36.6 rad/s. Activation of the T.E. 

F 

alone yielded only marginal results, indicating the need to relocate 
the control surface (see also Ref. 3). The L.E. alone yielded better 
results but since these results originate from changes in the responses 
associated with the energy eigenvectors and not from changes in the 
energy eigenvalues (as required by tile relaxed energy approach) , the 
work based on a L.E. alone system was not pursued. Hence, the work 
to be reported hereiix will relate to a combined L.E. - T.E. system 
(at M “ 0.8). 

The contro] laws derived from the energy approach neglected the 

effectis of control surface mass unbalance in an attempt to obtain 

generalized results. An activated system with mass-ba?,anccd control 

surfaces was therefore tested first. The synthesis technique yielded 

the following control law by specifying that the model should fly at 

a maximum dynamic pressure (Q^ ) of 143 paf., and by attenq)ting to 

max 

minimize the control surface rates of the system: - 


^.E. 


1.6 2 s- 15. s^ 

s2 + 2xlx4>is +(4')2 + 2 X 0.5 X 57 X s + (57)2 


\.E. 


4.07 s^ 

s2 + 2 X 1 X 41.5 X s + (41.5)- 


( 2 ) 


with (g * 0. , structural damping) 


-4- 


0 ” 16.04 deg/s/ft/a 

XMOS 

6 - 0.31 dc'/ft/« 

ms 

“ 15.21 deg/s/ft/s 

ms 

6 - 0.29 deg/ft/s 

ms 


The optimization was constrained to yield control surfaces 
with nearly equal values of control rates. The closed loop root 
locus plot for the above activated system is shown in Fig. 3. As 
can be seen, flutter has completely been suppressed up to a dynamic 
pressure of 200 psf (maximum value used in plotting all the root locus 
plots to be presented herein). 

The Introduction of control surface mass unbalance has modified 
the root-locus plot (Fig. 4) to such an extent that instabilities 
cover most of the flight dynamic pressures. A careful examination 
of the variation of R with frequency (Fig. 5) and its effects on the 
flutter speed has shown that the aerodynamic and inertial stability 
effects are not compatible. The qust optimization program was con- 
strained to yield maximum aerodynamic damping around the flutter 
frequency only while minimizing the control activity at higher 
frequencies. This approach yields the following values for the control 
law parameters: 


^.E. 

\.’e. 


1. 88 s^ 

s^ + 2 ^ 0.16 X 39.1 X s + (39.1)^ 

1.26 

s^ + 2 V 0.29 X 38.8 x s + (38.8)^ 


(3) 


with (g “ 0. , structural damping) 


-5- 


• 

5 • • 

nas 


deg/s/ft/s 

d • 

rms 

0.44 

deg/ft/a 

^row 

14.2b 

deg/s/ft /s 

tl » 

rms 

0.4 

deg/ft/s 


The root locus plot associated with the above control system ts 
iihewa in Fig. 6. As can be seen, except for a small region of in- 
stability at very low values of Qjj^which is counteracted by normal 
structural damping^ no flutter exists up to * 200 psf. The above 
vontrol law will be referred to as control law I. The variation of 
the control surfaces activity with is shown in Fig. 7 and a sensi- 
tivity variation of the T.E. control rate activity (as an example) with 
the control parameters is shown in Fig. 8. Cancellation of the para- 
wter C 21 * -1.8b (eq. la) simplifies the control law and shows no ef- 
fect on stability (figures itot included). 

A second alternative control law (to be referred to as control 
law 11) was attempted by trying to match the flutter and inertial 
stability requirements at the various regions of frequency. This was 
done by using the synthesis technique in the presence of a filter 
*‘s~+^300^ which multiplies the transfer functions shown in Eqr (la) . 

The results for the control parameters are given by 


^.E. 

\.E. 


s‘ + 2 X 0.43 X 57.4 X 8 + (57.4)^ 

2.07 s^ 

f 2 X 0.5 X 41.5 X s + (41.5)^ 



with (g = 0 , sttuctural dan?)lng) 
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5 • 
xm 

21 . 38 

d«g/s/ft/s 

6 * 

rms 

.51 

deg/ft/s 

8 • 

rms 

19.35 

deg/s/ft/s 

6 " 
xms 

.52 

deg/ft/s 


Tbft closed loop root locus plot Is shown in Fig. 9. As can be 
seen, there is no flutter up to “ 200 psf. The variation of the 

control surface activities with is shovm, for control law II, in 

Fig. 10. A sensitivity variation of the T.E. control rate (as an 
example) with the control parameters is shown in Fig. 11. The can- 
cellation of C 21 * - 1.86 introduces in this case a flutter instability, 
at Qp “ 145 psf (see Fig. 12). Therefore C 21 * - 1.86 has to be 

retained. This implies that the acceleration signals have to be 

1 1 

Integrated. Integrations of the form — and 7 — had been 

8x8 ^8 ‘r G ^ 

tested in the region of 0.1 < c < 1 . and no visible effects could 
be detected on the root locus plots (figures not Included). 

The block diagrams for the above two control laws are presented 
in Figs. 13, 14. 
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Figure 1: Plan view of YF-27 flutter model and geoiretr. a! description of the active 

control system 
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INTRODUCTION 


The investigation reported in this '.ork relates to the si^pression of 
external store flutter in the YF-17 flutter model. Configuration B was 
specified for the above purpose with the objective of enabling the activated 
model to be tested in a wind tunnel at itech masber M ■ 0.8 and at dynamic 
pressures up to t>9\ above the open loop flutter d>'na«ic pressure. Two control 
laws were derived at an earlier stage of this work*, and were shown to yield 
the desired flutter suppression capability througii the activation of a 
combined leading-edge (L.F.) - Trailing-edge (r.h.) control system. 

The mechani zai io>. jf one of the derived control laws was carried out by 
Northrop and subsequently, the flutter stability augmented YF-17 model was 
tested in the Langley lb ft transonic dynamic tunnel The test results, 
as reported to the authors of the present work, showed no correlation with 
the analysis and the tunnel tests were discontinued at a dynamic pressure 
rthich was below tue open loop flutter dynamic pressure. 

ITie object of the present pai^er is to present a critical review of the 
analysis versus the test results and to indicate the sources of the 
discrepancies obtained, lor convenience, some of the major result reported 
in Reference 1 will be presented herein once again. 


INITIAL MOOtL 


AN A I YTIf AL RESULTS^ - 
Background 

The analytical results reported in Ref. 1 were based on a dyna»ic »<»del 
supplied by NASA. It included generalized masses, natural frequencii.s and 
mode .shai>es for lU sywmetric structural modes .ind two rigid body modes. The 
generalized aerodynamic forces were ccwputed using the Doublet-Lattice method 
with 1J6 boxes on each wing and 32 boxes on each half horizoi.tal tail. The 
box allocation v.as identical to the one appearing in th«. Northrop report 
i.pplied to the authors of this paper. 


The general form of the control laws is ^;iven by the following expression 


/ \ 
H 



T) 

a 


6 



0 


+ 


•^L.E. 


° «T.f 


-4 4 

4 2.8 


h,-h 
1 r 


a. -a 
1 r 


U) 


where b and 6 are the deflections of the 1.1-. andT.H. control '>urt.ues, 
respectively, and where hj , denote the translation ;md rotation of 
the 30 percent chord point at the control surface raid-span section, respectively 
isee Fig. 1). The parameters h^ and similarly denote the translation 

and rotation of a re^^'erenct point located along the center line of the 
fuselage and b denotes the semi -chord length at the con.trol surface mid 
span section. The R's rcprc'ent transfer lanctuins which are dependent 


in S where S - itc . 
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Open Loop Results : 

The root locus plot for the open loop system, with the dynamic pressure 
acting as a parameter, is shown in Fig. 2. As can be seen, the value 
of the dvTiamic pressure at flutter equal to « 84 , with 

frequency w » 3t>.6 rad/s. 

l»i»ed Loop Results : 

Activation of the i.t. alone yielded only raaryinal iu^roveraents in 
'.Yj , indicating the need to relocate the control surface (,sc'- also Kefs. 2,3). 

'le 1 .F. alone yielded better results but since these results originated 
.i>m changes in responses associated with the energy eigenvectors and not from 
changes in the energy eigenvalues (as required by the energy approach), the 
work based on a L.F. alone system was not persued. Hence, the work reported 
herein relates to a combined 1..F.-T.F. system (at M = 0.8). 

iwo closed loop L.L.-T.l:. control laws were derived and presented in 
Rcl. 1. They are presented once again in the following for sake of completeness. 

Control I.aw 1 ; 

In this control law C , = 0 and the U's appearing in l.q.(l' ar<. 
given by 

1 .88 S" 

+ 2 ' 0.16 X 39.1 ^ S + (39.1)" 

_ 1.26 S" 

S" + 2 X 0 . 29 X 38 . 8 X S ♦ (38.8)" 



(d) 




1 


The root luous plot as>iuciati.(J uith the above control system is 
!iown in Fig. 5, (ttssiwing :cro structural tiaaping, 2 * 0 ). As can be 
'cen, except for a small region of instability at very low values of 
Iwliich is counteracted by tuiniial structural daiapin^’l, no flutter 
exists up to *• 200 psf. The niaximuBi control activity (at » I4.t psf, 
K'rre 'uniUing to the hii’host specified is given by (for g-i'‘ 

h » 14,8b deg/s/ft/s 

nns 

6 * 0.44 deg/ft/s 

rms 

B » 14.2b deg/s/ft /s 

rms 

B = 0.4 deg/ft/s 

rms 

'Ihe variation of tlie contr« t .utivitv with for various valoes 

>f g is shown in Fig. 4. Ihe l>lo<.i di.ii;i.im fur the control system 

.issoc iated with control law 1 i - hown m l i ■ . .. 

\t this stage it may lie obsi i v ed th.it the K's pre entrd ,n l i|.(2j 
ri. present transfer functions of second e.iler Mstems. Since ;u!uators 
often have tin form of third order system , it was decided tu iiisrease the 
iirder the K's to yield tliri-e poles, th.it normal .iiTuators H' y 
in compensated through the newl\ derived cntrol lav*. Ihis j-,eint will 
be made clear in the folliiwing section. 
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Control Uw II ; 

This control law wait derived hy using the synthesis technique" in 
the presence of a filter 300/(S+500) which Miltiplies the transfer 
functions shown in Eq.(l). ihe above value of 300 was determined following 
a parametric study in conjunction with the synthesis tvMrhnique mentioned 
earlier. The values obtained for the R's appearing in Eq.(l) ajc given 
by 

4S^ 

^ 

S ♦ 2x 0.43 X 57.4 X s + (57. 4) “ 



\.E. 


2.07S“ 

2x 0.5 X 41.5 X s ♦ (41.5)“ 


(3) 


with L '22 ■ -1.86 and g » 0. 

The closed loop root locus plot (with g » 0) is shown in F-ig. 6. As 
». n be seen, there is no flutter up to » 200 psf. l ie maximum control 
activity (for g « 0) is given at ■ 143 psf by the following values: 


5 « 21.58 dr.’/s/ft/s 

rms 

* 0.51 deg/ft/s 
rms 

* 19-3S deg/s/ft/s 
rms 

B « 0.52 deg/ft/s . 

rms 

The variation of the control activity with for various values of 

g is shown in Fig. 7. Since C ^2 0 in this case, (cancellation of C 22 


6 - 


le»ds to flutter at > 145 psf), this ieplies that arcelerstion signals 

2 

have to be integrated. Integrations of the fona l/(S^e) and l/(S^e) 
had been tested in the region of 0.1 < c < 1 and no visible effects 
could be detected on the root locus plots. 


The block diagram for the .ihove control law is presented in Fit.. 

The transfer functions representing third ord'r -ystems can clearly bo 
seen in Fig. e. Furthermore, a third order actuator can leadily be 
compensated. This can be Illustrated for the T.L. control surface h.ivin}> 
an actuator transfer function T(S) of the form 


T(S) 





w" cJL 

n ^ 


u) X S ♦ UJ 1 (S + dj 


14) 


The following compensation procedure Isec Fig. 9] 


300 

X X » 

(S+ 300) (S -*- 2x 0.43 57.4 ‘ S + (57.4) ) 

300 * (S^ + 2 * 4 * w * S ♦ uj“) IS ♦ d) 

(s+ 300)(s^+ 2 x 0.43 x 57.4 * 8+ 157.4)*-) * 

can be seen to yield the same effective contiol law. 


Summary of Analysis : 

Two control laws were derived. Control Law I, suitable for second 
order actuators and Control Law II suitable for third order actuator-. 
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CONTROL SYSTEM MECHANIZATION FOR HIND TUNNEL TESTING 


Control law II was choson for the nechaniaation performed by Northrop. 
Fig. 9 represents the block diagraai of the L.E.-T.E. control syste*. The 
vontrol surface actuator transfer functions are denoted by - and 

w g M a C t 

Gg j. g and are defined by the following expressions: 


G 


S.L.L, 


/'S+24\ 

fs * 26U\ 

OD 

v-w; 




204S+ 28,900\ 

Itt-; 

V^A 

2S,900 / 


(5) 


S » 2b0 


s/r.L. 




fs + 124VS ♦ 138S + 19.044YS + 440S ♦ 98.596 
VT53~A A 98^1556 


TN^sfi ^etie n? rfte PR0<:^^/r fiPrei. 

c^mtaok r X ivfle# oere0HiN6t> ANb f\eiefjr&d At a/as/>, 

As can be seen, the above actuator transfer functions include some 

built in filters which were introduced by Northrop. As a result, the 
effective expressions for the transfer functions in the mechanized system 
are given by 


TiS) 


L.E..EFF. 


fS ^ 24 Vs + 26U\ 

A ^60 ) 


fs* 28\fS * 204S^ 28,900Vi’‘‘ + 6lbS+ 19 5,600\ 

V is J\ ^§,900 A I'.lS.bUO / 


T(S) 


L.E. 


’^^^^T.E.,EFF. 


fs * 2b0] 

V 260 / 


( 6 ) 


fs''* 440b* 98,596\ 
V 9^,596 / 


T(S) 


T.h. 


L.E.’ 


T{S) 


r.E. 


where T(S) 


denote the desired transfer functions. 
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As can be seen, the effective control law had been varied by a 
considerable factor representing an additional transfer function. As 
a result, the eechenlsed control law represents a different control law 
than the original control law II . Furthereore, the integration In 
Fig. 10 was perfors»d by l/(S+5) Unstead of l/(S+e), with 0.1 i c < 1) 

without checking its possible effects. It is also tacitly assuned that 
proper account had been taken of the accelerometers and actuators' 
sensitivities (does not appear in the block diagram in Pig. 9). It 1-. 
further assuned that the changes between the assumed accelerometer 
locations and the actual locations are too small to have any significant 
effects on the gains of control law II. 

At this stago, the authors of this paper decided to rederive the 
control law, in the presence of j j; , .p ^ and some additional 
filters used by Northrop (denoted by H(S)). The results of this la; ter 
analysis are presented in Appendix 1, and are based on an updated dynamic 
model and a refined calculation of the aerodynamic forces. This latter 
model was supplied by Northrop, through NASA. It arrived too late to 
be included in the derivation of control laws I and II. 

Unfortunately, the results appearing in Appendix 1 arrived Northrop 
at to late a stage to be incorporated into the tunnel mold. Consequently, 
the tunnel tests were performed using the ^ ^PP and TlS).j ^ ^ pp 

(see Eq.(6)), which are different from g “nd T(S)^ P of control 

law II (based on an older mathematical model). 
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WIND TUNNEL Tgsr RESULTS 

The wind timnel test remits as reported to the authors of this 
paper, reveal the following picture: 

"Because of high frequency probleais associated with the control law, 
and a lack of knowledge concerning this law, testing could not he continued 
above a dynaaic pressure of 70 psf. This was a condition below passive 
flutter (qp ■ 7S psf). Attachsents 1, 2, and 3 are included to assist in 
describing the problems encountered in the tunnel. The first attachment 
presents zero airspeed transfer functions for the control law using either 
the leading or trailing edge surface as input. As can be seen, the gains 
arc quite high across the frequency range, Ihis is particularly true for 
the T.n, surface. Attaclvnent 2 presents peak hold data taken during the 
test, while attachment 3 provides model response data at the various test 
points. 

Initial tests indicated signiticant wing response near 3u liZ. Resptnse 
data for test point 419 with the expanded time scale illustrates the problem 
which is particularly noticeable in the wing bending response. For test 
point 414, the control law was turned off while i Northroj) leading edge law 
was activated. This also shows the significant frequency content of the 
command signals. 

Since there was no one available at the test who could offer guidance 

in modifying the control law 30 HZ notch filters were incorporated 

into the control law. With this change, test point 475 still shows so.ne 
high frequency content and significant L.h. commands. As a result, the 


I 
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global fftln was raducad 2S%. lihUa incraasing dynanic prassuxa froM 6S 
to 70 psf, a divargant oscillation hms anemuitarad and tha control law 
was deactivatad. Tha fraquancy of tha divargant oscillation was about 
14 HZ. Purthar nodifications to the control law wara not atta^ptad. 

All high frequency aodlfications affect the perfomance of the overall 
control law anJ without guidance it was not practical to coatpensatu for 
these changes in the flutter frequency range." 

Part of the attachsient 3, relating to test point 419, is presented 
herein as Fig. 10. 


ANALYSIS OF WINI'-TIINNEI. TEST RESULTS 

It was found impossible even to attempt any correlation between 
analysis and t»»jt results, since the control laws used in each case were 
widely different. The changes introduced in control law II (see Eq.(6)) 
include high frequency transfer functions which, as noted in the previous 
section, "affect the performance of the overall control law." Consequently, 
it was decided to analyze the control law, as mechanized by Northrop, and 
compare the analytical results with those obtained during the wind-tunnel 
tests. 

The new analysis reported herein, is based on the updated mathematical 
model and the refined aerodynamic coefficients. Since the wind tunnel 
problems i‘eport«'d above relate to high frequency regions, no attempts are 


n - 


Md« to inv«sti|«te the poisihlc effects of the l/(s*S) integretion. 
The effective control 1 »m tested in the wind tisinel is given by the 
following expressions 
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(7) 


where Q, and Q_ .. are thi transfer functions transforming the 

L<«na i*!^* 

original control law 11 into the mechanized control law 11, .md where 
g and g are defined in liq.(3). Using Bq.(6) the following 

relations can be written 




/S+ 24Ys+ 2(i0\ 

J 1 t-J — ^ 

ts* 2 SYs + 204S+ 28 . 9 noYs + 616S+ 193,600\ 

V"7r"A — 20oo r^:60(T^~7 


( 8 ) 


Qt E.^S) 


/S ♦ 2b0\ 

1 £ 

{s * 440S+ 98,596 
V 98,596 


The control law defined in liqs.(3), (7), (8), will be refered to 
as the Northrop modified control law II. 


? 
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Th« root locus plot for th« closed loop sy:(v:«i is shown In Fig. 11 
{with g > 0). SisiiUrly, for coaperison purposes, the closed loop root 
locus plot for the original control law II, but with the updated dyruusical 
node I and aerodynaaics, is shown in Fig. 12. As can be seen, the changes 
in the natheMtical aodel degrade the root locus plot f<»r the original 
control law II (Fig. 12). For g • 0 flutter occurs at Q^p ■ 128 psf, 
whereas for g ■ O.OIS, flutter occurs at ■ 152 psf. In addition, 

there is a lower frequency flutter branch yielding • 143 psf (g ■ 0) 
with ■ 16 rad/s, and a high freqiwncy negative damping mode at around 
u ■ 270 rad/s. This latter high frequency mode becomes stable for values 
of g ) 0.015. It can be concluded that the updating of the mathematical 
node), especially the changes introduced in the control surface aerodynamic 
coefficients, degrades the closed loop performance of control law II (see 
f >r ccmiparison Fig. 6) to the extent which w.irrants its modification. 

The root locus plot for the Northrop modified control law II (Fig. llj 
shows flutter at « 68 psf (g ■ 0) or 82 psf with g ■ 0.015. 

Tl.e flutter frequency lies around 110-115 rad/s. In addition, some high 
frequency modes show low damping when compared to the g » 0.015 line 
shown in Fig. 11. Hence, there is no wonder that the wind tunnel tests 
could not proceed beyond ■ 70 psf. Furthermore, at » 60 psf 
(relating to TP 419, see also Fig. 10) low damping modes can be observed 
at w ■ 160 rad/s and around w * 260 rad/s, thus explaining the high . 
frequency content of the responses of the system and of the control signals. 

An example of PSP representation for control surface deflections, using 
the Northrop modified control law IT, is shown in Hgs. 13, 14 (with values 


- 15 - 


of I as ditfin«4 by groiaid ratoMnct tasts (GRT)). Pig. 13 shows the 
PSD pepresantatlom for ami 3^^ (at « 60 psf) and Pig. 14 

shows a siailar raprtsantation for and 6^^ (also at ■ 60 psf). 

These latter figures were coe^tuted for coaparison purposes with the test 
recordings, shown in Pig. 10. 

Three laain points eaerge froa the above craftarison; First -- Ixjth 
Figs. 10, 13, show correlation with respect to the low frequency content 
(around 15-17 HZ) of the signal, and with respect to the lack of 

any significant high frequency signal. Second -- both Figs. 10, 14 show 
that has the largest hign frequency content (aroimd 4U-5U HZ). 

Third -- in both Figs. 10, 14 show lower amplitudes in the high 

frer..:ency content of the signal. The superposition of two signals with 
frequencies of order 15 and 40 H" can be seen in both figures. 

The analytical simulation of the wind tunnel test results relating to 
the 34 HZ notch filter was found ispossible since no data regarding the 
notch filter was supplied to the authors of this work. 

The control surface activity, with values of g as determined by 
GRT of the model, at various values of Q^, are shown in Fig. 15 for the 
Northri^ modified control law II. The control activities can be seen to 
bo much larger than those relating to the original control law II (by a factor 
of about 3) and presented in Fig. 7. 
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CONCmOING REMARKS 

The control law, as mechanized by Northrop and tested in the wind 
tunnel, bears no analytical resemblance to the original control law II. 

The main deviation lies in the form of the effective control law used, 
which does not compensate for the actuator transfer functions (part of them 
could have easily been compensated). A second, smaller deviation, originates 
from the fact that control law II was derived using the older mathematical 
mo'iel (the updated model was sent too late to be included in the orii^’inal 
analysis). The control surface aerodynamic derivatives in the updated 
model wei’e computed by Northrop using a more rational box allocation over 
the control surfaces than in the older model (both computations used the 
Doublet Lattice method) . 

The analytical simulation of the flutter suppression performance of 
the YF-17 model (using control law II, as mechanized by Northrop) shows good 
correlation with the wind tunnel tests both with respect to flutter dynamic 
pressure and to the response characteristics of the model. 
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APPENDIX 1: OPTIMIIATION OF A COWTROl LAW IN TllE Pi^SENCE OP 

TRANSFER FUNCTIONS REPRESENTING ACTUATORS AND FILTERS . 

The control Uw for the Yr-17 flutter model has been recomputed using 
the following data: 

(a) Hic new mode shapes and dynamic data and the new aerodynamic 
coefficients . 

(b) The new sensor locations (at W.S. 51.45 instead of W.S. 44.85 
previously used). 

(c) Incorporation of the following filters for both the L.H. and 
T.F.. control surfaces, following a specific request. 


ii(S) 


S^ ♦ 21S+ (2131^ 
S + 299S + (213)^ 


+ (552. 6)^ 

■ ..1..-. — . — — ■ . . H P- 

S^+ 552S+ (552.6)^ 


(264)‘ 

I W I r .mmi, n i... II II i f II I.I III H l|» 

S^ + 264S+ (264)^ 


l,d) Incorporation of the following actuator transfer functions taken 
from Northrop’ s papers attached to the above mentioned letter; 


<■ , 260 . 124 . ( 138 )^ . ( 314 )^ 

.-1,1. E. S+ lU isss^ (138)" S^ + 440S* (314)' 


G 


S.L.E. 24 


S + 24 , S 260 . 28 . 94 , (170)" , (440)^ 

260 S + 28 S + 94 + 204S + (170)^ S^ f 616S + (440) 




The results presented earlier* employ an older set of dynamic data and 
were computed using the doublet lattice box distribution used by Northrop 
at an earlier stage of the work. None of the filters H(.S) and G(S) were 
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then used, although G(S) could have partially^ been accounted for by a 
single transfer function coaqjensation. 

No attempt was made to rederive the previous ccmtrol laws, using the 
new information included in the above paragraphs (a) and (b) . Instead, the 
recomputation includes all the new elements mentioned in the above 
paragraphs (a) through (d) . 

Before presenting the new results it should be stressed that the 
constraints imposed by having to uSe the filters denoted by H(S) anu the 
form of G(S) which appear to include compensation filters, do not seem 
to he justified. These filters represent an Integral part of the control 
law developed by Northrop and they were required for stabilization of their 
resulting closed loop system. It is difficult to see the need for their 
introduction herein since if it is assumed that the mathematical representation 
is satisfactory, why is it not possible to rely on the control laws previously 
derived, which stabilize the closed loop system and have to resort to the 
statement that "based on previous testing experience, Northrop has found it 
necessary to insert filters in all the feedback signals to prevent system 
instability?" If, on the other hand, the mathematical model is not 
satisfactory, then there is no value to the present results and there is 
very little trust one can put in them. 

As already mentioned, the above constraints were adopted in the new 
computations (some of these constraints we^e eventually compensated by 
the introduction of appropriate transfer functions in the control laws) . 

It was found possible to stabilize the system by using different 
control laws which yielded reasonably high lUtter margins. The chosen 
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control law gives the snallest flutter nargin but shows the best behaviour 
at lower values of dynaiiic pressure and at lower values of structural 
damping (g). The results include a root locus conputer nm which includes 
the values of g defined during CRT of the model. To cut down labour, 
the results are brought to the form used by Northrop (degrees per g) and 
their sign convention is used (in this Appendix only). 

Finally, before presenting the results, attention should be drawn to 
the fact that the control law requires that a free flying model (that is, 
having plunge and pitch degrees of freedom) should be fitted with reference 
accelerometers located along the center line of the fuselage, or near it 
In the present results, the location used for these accelerometers is 


denoted. 
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RESULTS - YF 17 


Sangor Location, Units and Sign Convntion ; 

Four accelerometers are used, o,, a_, a ,, a The accelereoracters 

' 1' 2' rl’ r2 

a,, a, are located at W.S. 51.45, F.S. 145.18 (25% C) and F.S. 158.00 

1 a. 

(76%C) respectively. The accelerometers a^j and a ^2 located along 

the fuselage centerline, at F.S. 131.85 and F.S. 165.5 respectively. 

The accelerations are positive downwards and the units are assumed tu be 
given in "g" units. The deflection of the control surfaces is given in 
degrees with positive rotations obtained by deflecting the T.H. control 
downwards (6.^. ^ ) and the L.E. control upwards (6j^ j: ) 

Suggested Control Law : 

The suggested control law involves the activation of a combined 
L.L.-T.E. system. The block diagram for the activation of the L.H.-T.E. 
eontrol is shown in Fig. A.l and the expressions for the different transfer 
functions are given in Table 1. 

Flutter Resuts ; 

Figure A. 2 shows a root locus plot using the above control laws with 
zero structural damping. Fig. A. 3 shows a similar root locus plot using 
the values of structural damping as measured by Northrop. The parameter 
of variation in the root locus pic*-' i., the dynamic pressure Q. The spacing 
between adjacent points along each branch represents a change in Q of 
10 psf. The plots were obtained by varying Q between 0 and 200 psf. 
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It can b« s«en that the flutter dynamic pressure is around 15S psf when 
structural damping is present and 147 psf with zero structural damping. 
Figs. A.4-A.7 show the variations of the activities of both L.E. and 
T.E. control surfaces Cdue to unit KMS gust input with dynamic pressure 
Q). It can be seen that both the deflections and the rates are relatively 
small. Structural damping (Northrop's measuroment) was assumed to be 
present in deriving Figs. A.4-A.7. 
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TAELE 1. EXPRESSIONS FOR TOI VARIOUS TRANSFER FUNCTIONS l^ED IN 
ACTIVATING TW SUGGESTED L.E.-T.E. SYSTEM 


H(S) - I *21S^C213); . ^ S%(S52.6) 


1 Zi 


^ in • . A \ ^ 


S ♦29?S+(213) S ♦ 552S+ (552.6) S“ ♦ 264S ♦ (264) 


^ ,«.^_S♦ 260 . 124 . (138)^ . (314)^ 

<=s,T.E.‘=’-Tsr srni 


^ _ S+ 260 . 94 . S+ 24 . 28 (170)^ (440)^ 

ST9T -TT“ wns 3 5 * zi — 


204S+ (170)' S %bl6S+(440) 


1 


Tt j,_(S) - R(S) 


S+ 124 . + 138S+ (138)^ . 

(138)^ 


RtS) 


♦ 264S •>• ^264)^ 
(264)*- 


250 . S + 60 

S+ 260 ’ 60 


225 

S+ 225 


(347.9)^ 

?T 492S + (347.'))^ 




V (S, . 3.09 • ^ 

[S + 21.68+ (45) ](S + 88.38 + (152.3) ] 


K, , (S) - 1.874 -5 |S^291.ISM16e.6) . l ^ 

[8 + 39.88+ (41.5) ] [8 + 4008+ (20U) ] 



Figure 1: PImi view of YF-17 flutter aodel and geonetrical description of the active 

control system 
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1. THE EQUATIONS OF MOTIOW FOR FLUTTER iWALYSIS WITH 
MULTI-ACTIVE CONTROLS 


A limplifltd mthod of formilitlon of th« tq*jationi of motion for 
flutttr dnalysii with any numbtr of activt control systMH It prtttnitd 
in this vrork. Tht suggested method combines computational economy and 
programming simplicity with generality of formulation. It enables the 
treatment of multi-active control syst«Bs with no limitations on the form 
of the activated control laws. By way of Introduction, two current 
methods of analysis will first be described and their limitations will be 
dlscussto. Following the presentation of these current methods, the new 
proposed method will be presented and Its special features will be 
described. 

The Equations of Motion 
Let the n^ equations 

([M3s 2 [A] + [K])q - 0 (1) 

represent the equations of motion of n structural modes (including 

rigid body modes) with n activated controls where [M] represents the 

c 

mass matrix; [A], the complex aerodynamic matrix; [K], the stiffness 
matrix; p, the density of the surrounding fluid; V, the velocity of the 
fluid; and cT . the response vector. All the matrices in equation (1) 
are of size n. x (n + n ), that is, n structural mooes + n 

S S C S w 

active controls. The response vector q can be expressed in terms of 
n^ structural responses and n^ control deflections, that is. 





Ec|u«t1on (1) cm thtrtfori b« writtm as 

([H, M^],2 * A^j * [A, A^]) J'y . 0 (3) 

k^crt subscript s dtnotas a structural quantity and c, a control, 
quantity. Assuwa now a control law of tht for* 

tv - [T] dj (4) 

where [T] is a n^ x n^ matrix representing the transfer functions of 
the control law. Substitution of equation {4} into equation (3) yields 

([H,] ♦ [H^][T])S^ ♦ * [Ac5[T]) * [A 5 ] * [KJ[T]) Qj . 0 

(5) 

Typically, the elements of the aerodynamics matrices and are 
available as functions of the reduced frequency k and the Hach number M 
whereas the transfer function matrix [T] is a function of the Laplace 
variable s, normally expressed in terms of rational polynomials in s. 
FLUTTER ANALYSIS BASED ON THE COWON DENOMINATOR METHOD (CDH) 

This method of analysis is described in ref. 1. It is based on 
the representation of the matrix [T] by 

[T] - 5b (6) 

where Q(s) is a scalar polynomial representing the common denominator of 
all the T^j terms and where [T^^] is a matrix involving the resulting 
numerators (as a function of s). 

The variation with s of the aerodynamic matrix [A^ A^] can be 

approximated by the following Paoe representation 

r 

[A] . [A ] ♦[A.](^)s ♦ [A,](^)^^ * Z 

b J 


(7) 


-3- 


i«htrt «11 the mtrlx coefficients tnO the fj values am mal and 
constants and where r noraally varies between 1 < r < 4. Substitution of 
equations (6) and (7) Into equation (5) yields a rational Mtrix equation 
In s. The coBwon denoflilnator of the equation of liotlon Is given by the 
scalar 0(s) defined by 

D(s) « Q(s) H. [s K 4.13 (8) 

j-1 ° ^ 

To solve the above rational equation of motion, it Is multiplied by D(s) 
where D{i) is assumed to be of order Hence equation (5) which is 

of order s^ turns to be of order' s*^ and assumes the form of a matrix 
polynomial expression 

([Fq] + [Fi3s + [Fp3s^ + + [Fp]sP) . 0 (9) 

where the matrix coefficients [Fj] are functions of M, V, ana dynamic 
1 7 

pressure qp{» ). Equation (9) can be reduced to the following 
^canonical form for eigenvalue solution 


s X - [U] X 

where [U] Is of size (p x n^) x (p x n^) defined by 


[U] 




-1 


[I] 

0 


and X is given by 




,(p-2) 




\J 


0 

[I] 

6 


1. 


-1, 


0 

u 

* 

[i] 


0 

0 


( 1‘0 


( 11 ) 


( 12 ) 


It cin thu* bt sttn thit tht orlginil structural tguattons of •otion 
and up with (p x n^) tpuations which n«ttl to bt lolvtd for thtlr 
•Igtnvaluai. 

Tht naln dlsaetvantagt of this awthod llts In tht vary rapid txpanslon 
with control law transftr function of tht ordtr of tht tigtnvalut 
probItM, For illustration purposts, consldtr a 10 dtgrtt of frttdot 
fluttar probItM (n^-10) with atrodyntmlcs approxinattd using 4 lag 
tents (r-4) and with two activt control surfaces driven by control laws 
having four poles each. Hence Q(S) will be of order S and 0(5) of 
order (see eq. (8)). The value of p will therefore be equal to 
p-14. It can therefore be seen that the original 10 degree of freedom 
flutter problem turns Into an eigenvalue problem of order (14 x 10), that 
Is, of order 140. 


FLUTTER ANALYSIS BASED ON OPTIHAL CONTROL FORM OF TRANSFER FUNCTIO NS 
(OCF) (Ref. 2) 


Consider eouatlon (3), substitute equation (7) and multiply by the 
common denominator of the lag terms to obtain a matrix polynomial 
equat"-,i of the form 




(13) 


where r represents the number of lag terms in equation (7) and where the 
matrix coefficients [F-] are functions of M, V and q^. As in the 
previous case treated above, equation (13) can be brought to the form 


s . [A^] * tB-,j X^ 


(14) 


where 
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[I] 0 ... 0 0 

0 [I] ... 0 0 


• • • 


[I] 


where 




and where 


[Bc3 


^(r+2),^ ^(r+1);!- ‘ ‘ '-^s 


( 15 ) 


(16) 


(17) 


(18) 


(19) 


To include the effects of actuator dynamics using optimal control 
form of transfer functions, the actuator model is Described in 
stats-space form. For simplicity of illustration, consider the case of a 
single actuator that is, when q is a scalar rational polynanial 

w 

quantity. Assume the following form for the actuator transfer function 




<lc(») Up 

-*0 

tthtrt q j{i) rtprtitnts tht Input »1gnil to tht *ctu«tor. 
Iquitlon (12) cin bf brought to thf forw 

(»" * ■ “o’c,! 

which, in turn, cm be repreienteo by 


* ^i,c " ^^a,c^ ^a,c * ^®a,c^ “a,c 


»^ere 


n-1 ^ 

II q. 


a,c 


V.* 




m 


( 21 ) 


{ 22 ) 


(?3) 


a,c 


^c.I 


(24) 




‘n-1 

1 






0 


0 ) 


-a 


n-2 * • • ' 


0 

1 


-a. 


0 

0 


0 1 


-a. 


(25) 


(26) 


For a number of control surfaces, an equation similar to equation (22) is 
obtained. 


Denote by X^. the longest of tne vectors 


and 


ana 


a,c 

modify either [A^ J or [B^] accoroingly (denoted by adding an 

a I C C 

additional bar to these matrices. In so doing, it is possible to merge 
equations (14) and (22) into a single equation of the form 
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% 

r * 


1 

1 CJ 



&,c 




0 


H * 



j 1 

I 

J 


a,c 

■ m 


a.c 


( 27 ) 


The Riatrix A, Is of order [n,x(r+2)]x[n,x(r+2) J swhereas .] Is of 

9 P S OfC 

order n. , x n. ^where 
a,c dfC 

n. 


a,c 


max [Z n. ; (r+3) x n 1 

i-1 ’ ^ 


(28) 


where denotes the value of n for the 1th control. 


Optimal control analysis yields control laws of the following form 


a.c 


[E] 


('Xj'l 

J 


(29) 


where [E] Is a matrix of constants. Substitution of equation (29) into 
eq. (27) yields the following eigenvalue equation which forms the basic 
equation for flutter analysis 



The order of this eigenvalue equation is therefore [n^x(r+2)+n, ^]x[n^x(r+2)+n^ 
For comparison purposes, consider the example treated earlier, that 
is, the case where 

n_»10, n»2 ,r=4 , n-4 (tor each contro.) 

Hence, the order of the eigernvalue equation (30) will be, in this case, 

10 X (4+2) +7x2 = 74 

which is almost half the order obtained by using the COM methoo (» 140). 

The main disadvantage of this method involves the limitation brought 
about by the use of a control law defined by equation (29). In this 
latter equation, the control law transfer function is linear with 


0 - 


«nd is thfrtfore IlMlted to derivitivts of not ixctoding thif order 
of (r+1) whereas a ^^eneral transfer function may employ any order of 
derivatives provided it is seuller ttian the order of its denowinator. 

In the following section^ a different method is presentel which is 
very similar to the method just described but which avoids the use of the 
limiting forms of control laws, such as the one described by equation 

THE PKUPOSED >€THOU 

Consider equations (3) and (4) and represent the matrix [1] in 
equation (4) by 


where [ ^ -y] is a diagonal matrix consisting of the comnuDn denominators 
of each of the rows of matrix [T] and where represents the 

remaining numerator polynomial (in s) of matrix [Tj. Substituting 
equation (31) into equation (4) and combining it with equation (3) we 
obtain 



Substitute equation (7) into equation (33) and imiltiply the structural 
equations by the common denominator of the lag terms to obtain after some 


rearrangements 

*E(s) G(s)] fq ) 



:P(s) Q(s)J 

where E(s) and G(s) are matrix polynomials of order 


(34) 




I 




CNiflne the fol lowing matrices 


R(s) 

D(s) 


E(s) 

IrP(i) 

j*S( s) 

I Q(s) 


(35) 

(36) 


where R(s) and D(s) can be written In the following matrix polynomial 
form. 

R(s) - Rq + RjS + R^s'^ + . . . K|^s"' (37) 

D{s) - Dq + DjS + + . . . (3a) 

The value of m Is (r+2) unless the order of the numerators P(s) is larger 
than (r+2). In this latter case, m assumes the maximum value of the 
power (in s) of the numerators. Similarly, the value of n is equal to 
the largest value of the powers of Q(s) (which represents the 
denominators of the control laws transfer functions), provided it is 
larger than (r+2). Otherwise, m will assume the value of (r+2). 

It should be stated at this stage that the representation of D(s) by 
equation (38) is convenient for mathematical representation and for 
programming, but is somewhat wasteful regaroing the final oroer of the 
eigenvalue problem. However, these changes in the order of the 
eigenvalue problem are generally small, and do not, therefore, warrant a 
different, more cumbersome formulation. It should also be observed that 
the highest powers In s of both E(s) and G(s) are of order (r+2) and that 
the highest powers in s of P(s) are either equal or smaller than the 
highest powers in s of Q(s) (since P(s) appears in the numerator of the 
transfer functions whereas Q(s) appears in the oenominator) . Hence it 
can be stated that 


m < n 


(39) 
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substitutlng tquations (35) - (38) into equation (34) and rearranging 
yields the following equation 


* • • !^^o^3 {y1 “ ^ 


v4iere 


^n-1 

,m-2 




.n-2 


n-m 

.n-m-1 


s 

c 

c 



(41) 


For the case where n»m, all the terms appearing in equations (40), 
(41) which involve powers or indices smaller than (n-m), should be 
omitted from the equations. 


Premultiplying equation (4) by defining 


[5-j -S^] .-[R„ D,] 

we obtain the following equation 


(42) 




Finally, equation (43) can be written in the form 


(43) 


s Y 


[Vl °n-l^LRm-2 °n-2^‘"'^^l ‘^n-m-l’Jl^'^O ^n-m^^^'^n-m-l^- • ’ ^ 


[I] 

0 


0 

0 


0 

[I] 


0 

0 


• • • 
• • • 


0 

0 


[I] 

0 


0 

0 


0 

[0 I*] 


0 

0 


0 

0 


0 ... [ 

(44) 


Di][D^ 

0 0 

0 0 

• • 

• • 

• • 

0 0 

0 0 

• • 

• s 

i*] 6 
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or s Y • [U] Y (45) 

where [I] is a unit matrix of order (n +n ) and [!*} H a unit matrix 

3 C 

Of order n^. Equation (44) represents therefore an eigenvalue problem 
of order (m x n^+n x n^). 

For illustration purposes, consider the example treated earlier in 
this work, that is 

* 10 , n^ a 2 , r « 4 

witii control surfaces transfer function with 4 poles each. In this case 
m = b ; n * 6 

Hence, the order of the eigenvalue equation will be 
6 X 10 + 6 X 2 = 72 

This is about the same order as the OCF method (- 74) and is of 
considerably smaller order than the COM method ( a 140). Hence, the 
method proposed herein, enjoys the compactness of the OCF method while 
maintaining the utmost generality in the form of the control ’av; used for 
activation. It should be mentioned at this stage that care must be 
exercised while setting up equation (40) so as to ensure that the matrix 
[R^ D^] is non-sinyular (since it needs to be inverted). This 

point is important while programuiing equation (40). 


r 
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2. THE EQUATIUWS OF HOTION FOR 6U$T RESPONSE OPTIMIZATIOW 
ANALYSIS WITH MULTI-^TIVE CONTROLS 


The n, equations of nx)t1on represented by eq. (1) now assime the 

9 

following fom 


([M]s^ + I pV^[A] + [K]) q - Fg (46) 

where Fq represents the gust force acting on the systen due to a 
sinusoidal gust velocity of unit amplitude at a specified Mach number and 
a specified dynamic pressure. Following Identical steps represented by 
eqs (2-4), the following equivalent form of eq. (5) Is obtained 

[([Mj] ♦ [\] m)s^ * * [AjtT]) ^ ([Kj] * [K^][T])] 

(47) 

Eq. (47) yields 

- [B] Fg (4B) 


where 

[B] - [([Hj]»iH^][T])5^ + f^([A5].[A^][T])M[K5J-[K^][T])]-l (49) 

Using eqs. (4), (48), the control response can be computed 

Qc - [T][B] Fg (50) 

The control rates can similarly be represented by 

% - 5[T][B] Fg (51) 

The i^*^ root-inean-square (rms) control deflection or the rnis 
control surface’ rate per unit rms gust input is then computed using the 
following relations for the i^^ control surface 


(q 


rms 



q? 0(u))dui)^^^ 


(52) 
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or 

1 1 

where 0(w) represents the Von-Kar«an gust spectrum. 

The gust optimization program seeks to minimize a target function 
consisting o^ weighted rms responses or weighted rms response rates of 
the control surfaces by varying the various specified control gains 
available in matrix [T]. For the optimization results to yield sensible 
values it is aosolutely necessary that the initial values of [T] (for the 
specified flight dynamic pressure and the specified Mach number) be such 
as to yield a stable system. Under this condition, stability is 
maintained during the optimization process while the control surface rms 
responses are reduced. 

Further details regarding the gust optimization nrethod for flutter 
suppression are presented in ref. 1. 




A 
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3. APPENDIX A 

OPERATION INSTRUCTIONS FOR THE FLUTTER PROSRAM 

The progr» conputes the eigenvalues of the flutter equations of 
action with active controls. The olaienslons assigned to the different 
arrays peratit the simultaneous activation of up to 6 controls (of 
leading-edge (L.E.), and/or trailing edge (T.E.) types) with resulting 
augmented eigenvalue probl» of up to 100 values (the basic unaugmented 
system Is limited to 15 modes, Including rlglo body modes). The Input 
data is organized on file 5, with the aerodynamic data (defined by array 
AER0(I,J,K)) located on file 2. The printed output Is located on file 
6. The control law transfer function matrix is computed In subroutine 
CONTRL. The program Includes two versions for CONTRL based on the 
concept of aerodynamic energy. It is imperative to extract one of these 
two versions of CONTRL before running the program. For other types ot 
control laws, subroutine CONTRL needs to be reprogrammed. To ease this 
task, details relating to subroutine CONTRL are given in Appendix C. 

The output of the program consists of the input data together with 
the system's eigenvalues over a selected range of dynamic pressures. The 
package includes all the subroutines used by the program except for the 
plotting subroutines (which are installation oriented) and the eigenvalue 
routines (IMSL routines). To ease the substitution of these eigenvalue 
routines by other ones (should the IMSL library be unavailable) a full 
description of the COMMON parameters of these routines is given in 
Appendix D. A root-locus plot (with dynamic pressure as variable) may 
form a part of the output when desired. 

The program is written in FORTRAN and was developed on an IBM 370/168 
computer. Double precision is used throughout the program due to the 
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shoftir ISM word Itr^gth rt1ttl¥t to thf CDC co«|Hittr». For COC 
1niU11at1ont» It Is rtcoraMnd«d to convtrt tht progran to • single 
precision version. An exenple of an Input and an output Is Included 
herein. 


INPUT OF DATA 


In the following, the data required for the operation of the flutter 
program Is described. For sake of clarity and brevity READ 
statements are reproduced here together with the specified FORMAT and 
with the full explanation of the various parameters. 

READ (FORMAT (15A4)), (HOK(I), 1-1,15) 

WMl an alphanumeric header for the job (up to 60 charar.ters, 

including spaces), 

READ (5, CASE) 

where 5 designates the input file and CASE is a namelist defind by 

NAMELIST/CASE/NM, NC, NAER, B, NG, NL 

where 

NM Integer specifying the mmiber of ntodes (<15) 

NC Integer specifying the number of controls (<6) 

NAER - 1 Input aerodynamics will be introduced by means of FADE 

interpolation coefficients 

- 0 Input aerodynamics will be introduced by means of 

aerodynamic coefficients at different values of reduced 
frequency k. 

B Array of values of lag terms to be used during the FADE 

interpolation (<^4) 


-17- 


I 

I 

N6 - 1 If gust atrodyntnlc cotff Iclents are Included In the 
aerodynamic data. 

- 0 If gust aerodynamic coefficients are not Included In the 

« 

aerodynamic data. 

NL Integer specifying the number of lag terms to be used 

during the PAE€ Interpolation (<4) 

The aerodynamic data Is then introduced as follows: 

If NAER - 1 then 
DO 1 I - 1, NM 
DO 1 0 - 1, (NM+NC) 

READ (FORMAT (6X, 7E10.4)), A0(I,J), A1(I,J), A2{I,J), A3(I,J), A4(I,J), 

A5{I,J), A6(I,J) 

1 CONTINUE 

where the aerodynOTic matrix A (see eq. (1)) is assumea to be 
expressed by 

5 NL 

fA] - [AO] + [Al](ik) + [A2](ik)'^ + Z LAU (ik) 

L-1 ik + 6 (l) 

and k denotes the reduced frequency. The aerodynamic matrix [A] 
should be arranged so that control coefficients are located in the 
last columns with the gust coefficients at the very last column. 

If NAER - 0 then 
READ (5, FT) 

DO 1 K - 1, NK 

DO 1 J - 1, (NM + NC + NG) 

DO 1 I - 1, NM 

READ (2, FORMAT (2E15.5)) AERO (I,J,K) 

1 CONTINUE 

? 


i 
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wHtrt FT Is a namllst cMiflntci by 

NAMELIST/FT/NK. AK, HAXNK, NPRINT, NPUKCH, IRI6ID, ORISID 


and whara Z daslgnatas tha flla In Mhidi tha aartKlynanlc data Is 
locatad. Tha various parMuitars ara dafinad as follows: 

NK NuMbar of raducad fraquancles k used for tha 

Interpolation of tha aarodynatalc coafticlants. 

Array (< 20) containing the values of k corresponding to 
the aerodynamic coefficients. The first value of k must 
be zero. The order of the frequency values must 
correspond to the order of the aero coefficients AERO 
- see below. 


MAXNK Maximum value of NK ( • 20 In present program). 

NPRINT - 0 No printed output from the Fade Interpolation routine 
(named subroutine FIT). 

- 1 Printed output Is available. 

NPUNCH - 0 No punched output from subroutine FIT. 

IRIGID.JRIGID 


Interpolation coefficients for the aerodynamic 
coefficients (FADE representation) of the first IRIGID 
rows and first JRIDI6 columns are determined using the 
first few values of reduced frequency k (assumed to be 
the lowest) without resorting to a least squares 
procedure. In this case the rigid body modes imist be 
located so as to be the first modes. This Is done 1n 
order to Increase the accuracy of the aerodynamic 
coefficients at low k values where steady state stiffness 
and damping terms are zero (the least square routine may 
render them negative). 




AETO(I,J,K) Arriy contilnlng th« v«lufs of thf Mro<Jyniii1c iwlrtx A 

th 

(set eq. (1)) - that is, the (I,J) coefficient at the 
th 

K reduced frequency. The order at which the 
different K values are arranged leust correspond to the AK 
values The first k value must correspond to k.U. For 
order of columns in [Aj see remark for case NAERi^u. 

The program proceeds to the construction of the equations of motion 
'in subroutine FLUTCA) in first order form, as explained in the 
theoretical section of this work. The data required for this purpose 
IS the following: 

READ (5, FLUT) 

where FLUT is a namelist defined by 

NAMELiST /FLUT/MASS, OMEGAN, QBEGIN, QEND, HQ, VEl, 8TRAN, CTRAN. 
CREF, ZW, ZREF, IPLOT, CLF. CTR, UCACT. 
and the parameters are as follows: 

MASS MASS matrix {< (15 x 15) 

(^GAN Array containing the values of the natural freouencies 
(In HZ). Stiffness is computed from MASS and t^lEGAN and 
Is therefore correct for diagonal mass matrices only. 

For nonoiaqonal mass matrices the stiffness computation 
in cards 331-333 (in FLUTCA) must t>e replaced by an 
appropriate READ statement. 

OBEGIN, QEHD, NQ 

The flutter eiqnevalue equations are solved for (NQ + 1) 
values of uynamic pressure 0, starting with the value of 
0-QBEGIN and enoiny with the value of Q-QENb. 

F light velocity. 




VEL 


ITRAM 


CTRAN 


CREF 


Zh 


ZREF 


IPLOT - 1 


-.10- 

Array of it«ich©ra Itngthf of win^ (tnd/or till) ttctloni 
whtrf th* difftrtnt cofitroli art locattd (at aiid-tpan of 
control ftctlont). - (<^6) 

Array of dUtancts bttwttn tht two trantductrs at tach 
control surface mid-section (used to compute the angle of 
deformation) - (<6). 

Reference semi-chord length (normally wing root 
semi-chord length) - should be consistent with the 
reference length used In computing te reduced frequency k 
(in aero progrjwi). 

MatrU where Zh (I,J) inoicates the oisplacement 
(positive down) of the transducer due to the 
inode* For each section^ two transducers are allowed* 

The fore transducer should be placed (In the oata) ahead 
of the aft transducer. The present subroutines CONIRL 
assiane the fore transducer to be located at 30 chord 
from leading edge (L.E*) and these sets of transducers 
should be arranged in the same order as the controls - (< 
(12 X 15))* For other types of subroutines CONTRL see 
Appendix C. 

Values like Zw of reference transducers are usea to 
detect the rigid body motion of the aircraft* They are 
used In this program tc determine the elastic deformation 
of the wing* If not needed, use zero values for ZREF - 
(< (2 X 15)). 

A root locus plot will be maoe. 

No plotted output* 
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CTR - 


NCACT - 


Remark ; 


Array of X distances (positive aft) between the fore reference 
transducer and the fore control transducer - (< 6 ). 

Distance between the two transducers at the reference section. 
Number of active controls starting from control No. 1. No 
Intermediate controls can be assumed to be Inactive (control 
gains can, in this case, be made equal to zero). 

The transducer data as indicated above is tailored fit to the 


control laws employed using the aerodynamic energy concept. The form of 
control law assimed Is as follows: 


K(s7 







,(s). 

1 , i. 




[ ■P(s) ] 


h. 




T 

where the vector [h^, h^ ... h^^] denotes relative displacements 
and/or relative rotations. The aerodynamic energy control lav. 
assume that 6 ^is driven by h^^ and that 62 is driven by h^ and h^ 
and so forth, so that NA » 2*NC. The matrices and [F(s)] are 

computed in subroutine CONTRL (see Appendix C). The above form, 
however, is very general and can be readily used for other types of 
control laws which are driven by any number of either relative or 
absolute (or both) displacements (and/or rotations) at any chordwise 
location. The cards 473-482 in FLUTCA process the transformations 
matrix [H] (or order NA*NM) connecting the vector |^hp h 2 ...hn^^j^ 
with the generalized coordinates 

hi 

Ih, = [H] g. (A. 2 




- 22 - 


. «nd cofliputes the product P(s) (sec eq. (31)) denoted by PH In the 
proyr«R), that is 

[P(s)] . {P(s)3[H] (A3) 

where [P(s)] Is of order (MC * NM). 

In summary, subroutine CNTRL provides the matrices L^|^J [P(s)j 
whereas the matrix (P(s)J is computed in cards A73-482 (in FLUTCA). 

If and only if the parameter IPLOT - 1 the progrtw then reads the 
namelist PLUTPA 
RtAU (b, PLUTPA) 
det ined by 

NAMtLIST /PLOTPA/X/, Y/ , XSCALt. YbCALt, XL, YL, ISYM, lENTHY 
wnere 

X/ Left hand limit of real part of root locus. 

Y/ . U 

XbCALE Abscissa scale (value per inch). 

YSCALE Ordinate scale (value per inch). 

XL Length of abscissa in inches. 

Yl Length of ordinate in inches. 

ISYM Integer defining symbol during root locus plot is 

recommended ) . 

lENTRY - 1 

The prog"«3-'‘ then reads the namelist MXSUE 
READ (b, MXSIZt) 
defined by 

NAMELIST/MXSIZE/HAXC, MAXNH, MAXK, MAXT 
where 

MAXC Maximum number of controls (6 in this program). 

MAXNH Maximum nuntoer of modes (lb in tins program). 
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HAXK HflxlRun) nuniier of polynomial terms per element In the 

transfer function nui»erator and clenomlnitor mitrices 
(u 10 herein). 

MAXT HaxIwutM order of final matrix [Uj (where 

d Y /dt - [U] Y- - - asslyned the value 1(X) In this 
program. 

It, and only if, NCACT ^ U the proyani reads the naitiellst CDNC 
KtAO (b, lONC) 
not men liy 

NAHU ISI/t'ONC/WR.NTF, X 
wheri- 

WK Referetue trequency (rad/soc) used only tor the D.T.T.f. 

control law (aerouynamu eneryy) - the value chosen Is 
normally around the value of the t lutter trequency. 

NU Inteyer array (tollowinq the order ot the controls) which 

Identities between L.E. and T.t. controls. 

- 1, T.E. control 
« 0, L.E. contro 1 . 

Note that whenever a control is not active, put NTE • U when usiny 
aerouyiianiic energy versions tor CUNIRL. 

X Array of gains. There are 6 gams per control surface 

for ttie L.D.T.T.F. and 1 gain per tontrol surface tor the 

D.T.T.F. {k 36). The values of X{1) for the L.D.T.T.F. 

should De used considering the following basic form for 
t h 

the 1 control surface transfer function 

.2 


f^l 


X(H6*(l-l))*s^ 

? ^ 2*X(2^6*(I-1))*X(3+6*U-1))*S + {X(2+6*(I-1))^ 


X(4^6*(I-1))*S 


2 


s^ ^ 2*X(5*6*(I-l))*X(6+6*{I-l))*s + (X(5>6*{I-1))^ 
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For L.E. control 

■ 


Fj L-4 4J U.3C 


For T.E. control 

S ‘ 


F.L 4 0.3Cf 




For further details see Kef. 3. 


- 1.8a 
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4. APPENDIX B 

OPERATION INSTRUCTIONS FOR THE GUST OPTIMIZATIQN/GUST SENSITIVITY PROGRAM 

The gust package permits the computation of the spectral responses ot 
an aircraft due to a continuous gust environment. The effects of active 
controls (up to 6 controls) on the gust response can be accounted for. 
Furthermore, the basic gust progrw is coupled, in the present package, 
with an optimization routine which enables the determination of the 
various control gams which minimize the control responses to gust. 
Sensitivity studies (with plotted output) around the given or optimal 
control gains can also be made. 

The input data is organized on file 5, with aerodynamic data (oefineo 
by array AERO (I,J,K)) located on file 2 . Most of the printeo output is 
located on file 6 with some additional output (arising from the 
optimization stage) located on file 4. File 13 is used by the package 
for labelling of plots and needs ^o be declared by the programmer. 

The control law transfer function is computed in subroutmea CUNTRL. 
The program includes two versions for CONTRL based on the concept ot 
aerodynamic energy. It is imperative to extract one of these two 
versions or CONTRL before running the program. For other types ot 
control laws, subroutine control needs to be reprogranunea. To ease this 
task, details relating to subroutine CONTRl are given in Appendix C. 

The Output of the program consists of tne input data together with 
tne optimal control gains and the power spectral density (PSD) plots of 
the control responses, when used in its gust optimization version, when 
used a- a control gain sensitivity program, the output is supplemented by 
sensitivity plots showing the variation ot the rms control responses with 
tne various control la\. gains. The package includes all the subroutines 
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{ 

used by the progrem except for the plotting subroutines (t^lch ere 
Instal letlon oriented) . 

. The program Is written In FORTRAN end was develop«d on an IBM 370/168 

computer. Double precision Is used throughout the program oue to the 
shorter IBM word length relative to the CDC computers. For CDC 
Installations, It is recommended to convert the program to a single 
precision version. Input/output exMiples are included herein. 

When using the program in Its gust optimization version it is 
advisable to extract subroutines 6USPLT and PIT frotn the package. The 
input data for the gust optimization version will first be presenteo. 

The changes required in the oata and in the program wiien running tne 
program in its gust sensitivity version will then be presented. 

INPUT UF DATA - GUST OPTIMIZATIUN VEKSlUh 

In the following, the data required tor the operation of the gust 
optimization program is described. Here again READ statements will 
be reproduced together with the specified FORMAT ano with the full 
explanation of the various parameters 
READ (FORMAT (15A4)), (HDR(I), 1-1,15) 

HDR An alphanumeric header tor the job (up to bO characters, 

including spaces). 

READ (b, CASE) 

where 5 designates the input file and CASE is a namelist defined by 

NAMELIST/CASE/NM, NC, NAER, B NG, NL 

where 

NH Integer specifying the number of modes (<15). 

NC Integer specifying the number of controls (<.6). 

NAER - 1 Input aerodynamics will be introduced Dy means of PAUE 
interpolation coefficients. 
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- 0 Irput atrodyninlcs will b« IntrcMiuctd by mans of 

atrodynwic cotfficitnti at dlfftrant valutt of rtductd 
frtqutncy k. 

B Array of values of lag terms to bt used during the PAD€ 

Interpolation (<4). 

NG - 1 If gust aerodynewilc coefficient are Included In the 
aerodynamic data. 

- 0 If gust aerodynOTilc coefficients are not Included In the 

aerodynamic data. 

NL Integer specifying the number of lag terms to be used 

during the FADE Interpolation (£4). 

The aerodynamic data <s then Introduced as follows: 

It NAER ^ 0 then 

IX) 1 I - 1, NK 

DO 1 J - 1, (NM + NC + NG) 

READ (F0RMAT(6X,7E10.4)), A0(I,J), Al(I,J), A2{I,J), A3{I,J), A4(I,J), 
A5{I,J), A6(I,J) 

1 CONTINUE 

Where the aerodynamic matrix A is assumed to be expressed by 
A . AO + Al(ik) + A2(1k)2 + 

and k denotes the reduced frequency. The aerodynamic matrix [A] 
should be arranged so that control coefficients are located in the 
last columns with the gust coefficients at the very last column. 

The program proceeds to read the namelist GST defined by 
NAMELIST/GST/RMASS, OMEGAN, VEL, BTRAN, CTEAN, CREF, 2W, ZREF, Q, 
CLR, CTR, WR, NTE, NCACT 


where 


RHASS 

OHEGAN 


VEL 

BTRAN 


CTRAN 

CREF 
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Ha$s Mtrlx (< 15 x 15) 

Array contalnlr^ tht valuts of the natural frequencies 
(In HZ). Stiffness Is coaiputed froM PIFMSS and 0ME6AN and 
Is therefore correct for diagonal mass matrices only. 

For non-diagonal mass matrices the stiffness computation 
In card 437 (In subroutine SOLGST) should be replaced by 
an appropriate READ statement. It Is Important to note 
that 1.5 structural damping Is assumed In the program. 

Modify card 438 if other values are desired. 

Flight velocity. 

Array of semichord lengths of wing (ano/or tail) sections 
where the different controls are located (at mid-span of 
control sections) - (<6). 

Array of distances between the two transducers at each 
control surface mid-section (used to compute the angle of 
deformation - (£6)). 

Reference semi chord length (normally wing root semichord 
length) - should be consistent with the reference length 
used in computing the reduced frequency k (in aero 
program) . 

Matrix where ZW (I,J) indicates the displacement 

(positive down) of the transducer due to the 

mode. For each section, two transducers are allowed - 

the fore transducer should be placed (in the data) ahead 

of the aft transducer. The present subroutines CONTRL 

assume the fore transducer to be located at 30 chord 

from leading- edge (L.E.) and these sets of transducers 

should be arranged in the same order as the controls - j 

(£(12 X 15)). For other types of subroutines CONTRL see 

Appendix C. 
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ZREF Viluts like ZW of rtftrenct transductrs ustd to detect 

the rigid body motion of the aircraft. Used In this 
program to determine the elastic deformation of the 
wing. If not needed, use zero values for ZREF ~ {< {2 x 
15)). 

Q Flight dynamic pressure 

CLR Array of X distances (positive aft) between the fore 

reference transducer and the fore control transducer - 


(< 6 ). 


CTR Distance between the two transducers at the reference 

section. 

WR Reference frequency (rad/sec), used only for the D.T.TF. 

control laws (aerodynamic energy) - the value chosen is 
normally around the value of the flutter frequency. 

NTE Integer array following the order of the controls which 

identifies between L.E. and T.E. controls. 

- 1 T.E. control 

- 0 L.E. control 

NCACT Number of active controls 

Note that whenever a control is not active, put NTE > 0 when using 
aerodynamic energy versions for CONTRL- 

Remark : The transducer data as indicated above is tailored fit to 

the control laws employed using the aerodynamic energy concept. The 
form of control law asumed is as follows: 



^ 1 

QjTsT . 

• . 1 




f 

[ 15’(S) ] (Bl) 
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whtre thf vtctor [hj, h^... d«r>ott* rtlatlvt dlsplactflttnts 

and/or relative rotations. The aerodynamic energy control laws 
assume that ij Is driven by h^^ and h^, that Is driven by h^ and 

and so forth so that HA - 2*HC. The matrices and [F(s)] are 

computed In subroutine CCMITRL (See Appendix C). The above form, 
however, Is very general and can be readily used for other types of 
control laws which are driven by any number of either relative or 
absolute (or both) dsplaceroents (and/or rotations) at any chordwise 
locations. The cards 282-288 in the main program process the 
transformation matrix [H] (of order NA x W) connecting the vector 
[h) h^ ... h|^j^ with the generalized coordinates 



so that the matrix [P(s)] In eq. 31 can be computed by 
[P(s)j . [P(s)][H] (B3) 

In summary, subroutine CONTRL provides the matrices and [P(s)J 

whereas the matrix [H] is computed in cards 282-288 (in MAIN). 

If NAER » 0 then 
READ (5, FT) 

DO 1 K » 1, NK 

DO 1 J - 1, (NM + NC + N6) 

DO 1 I - 1, NM 

READ (2, F0RMAT(2E15.5)) AERO (I,J,K) 

1 CONTINUE 

where FT is a namelist defined by 
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NAMELIST/FT/NK, AX, HAXfIX, NfRINT, HFIMCH, 1R16ID, 0RI6ID 
and whtrt 2 dttlgnatai tht flit In which tht atrodynanic data 1i 
locattd. Tht yarIcHih paranittrs ant dtfintd ai followt: 

MX Numbtir of rtductd frtcutr»cit$ k ustd for tht 

Inttrpolatlon of tht atrodynaailc cotfficlenti. 

AK Array (<20) containing tht valuts of k corrtsponding to 

the aerctynaMic coefficients. Tht first value of k must 
be zero. The order of the frequency value must 
correspond to the order of the aerodynamic coefficients. 
AERO (I,J,K) - see below. 

MAXNK Maximum value of ( • 20 in present program). 

NPRINT - 0 No printed output from the PACE interpolation routine 
(called FIT). 

- 1 Printed output is available. 

NPUNCH - 0 No Dunched output fro<n subroutine FIT. 

- 1 Interpolation coefficients are punched. 

IRIGIU, JRIGID 


Interpolation coefficients for the aerodynamic 
coefficients (PAGE representation) for the first IRIGID 
rows ana first JRIGID are determined using the first few 
values of reouced f -equency k (assun»eo to be the lowest) 
without resorting to a least squares procedure. In this 
case the rigid body modes must be located so as to be the 
first modes. This is done in order to increase the 
accuracy of the aero-cueff icients at low k values where 
steady state stiffness ana damping terms are zero (the 
least square routine may render them negative). 




1 
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AEROd.J 


READ (FORMAT 
ETAl 


PHI 


READ (FORMAT 
NV 

NPR - 0 
NDR - 0 

- 1 

READ (FORMAT 
NONACT 


K) Array containing th« valuts of tht airodynaalc Matrix A 

(!•€ tq. (1)) - that If, thf (I,J)'^ cotfficitnt at tht 
th 

K rtductd frtqutncy. Tht ord«r at which tht 
differtnt K values are arranged Must correspond to the AK 
values. The first k value must correspond to k-0. For 
order of coluwis In [A] see the remark above for case 
KAER^O. 

(4E10.0)), ETAl, PHI 

Accuracy of computer relative to 1 (on I.B.M. double 
precision « 5.E-13). Absolute accuracy X*ETA1 (value 
unimportant for gust sensitivity-version). 

Relative size of "suction zone" within which the 
optimized parameter is "suckeo" to the constraint in 
order to avoid false convergence. Absolute size ot zone 
« X1(I)*PHI or X2(I)*PHI depending on whether near lower 
or upper constraints (value unimportant for gust 
sensitivity version). 

(515), NV, NPR, NDR 

Number of independent control gains in the control laws 
(< 36). 

Optimization is based on the minimization of the RMS 
responses of controls. 

Optimization is based on the minimization ot the RMS 
response rates of controls. 

(515), NONACT 

Number of non-active optimization parameters (that is, 
nun*er of control gains kept fixed during optimization). 
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REAO {FORWIT (115), {MA(I}, I . 1, NOKACT) 

NA Inttgtr Amy containing tht location of tha non-active 

paraiaettrs In the x array (see below). If NONACT • 0, a 
blank card should be placed here. 

READ (FORHAT (4E10.0), «L, WT 

I4L, WT Two weights for emphaslilng the contrlbut'o.is of any of 
the control responses In the target function expression 
(defined as FlWCTH In subroutine SCX.6ST, cards 461 and 
467). More details regarding the target function FUNCTN 
will be given below at the end of the data description. 
DO 200 I - 1, NV 

KEAD (EUKMAT (4E10.U)), X1(I), X(I), X2(I), EPS(I) 

200 CONTINUE 


Xl(l 


X(I) 


th 

Value of the lowest bound of the I control parameter 
(during optimization). 

Initial value of the i control parameter (at the 
onset of the optimization process). There are 6 gains 
per control surface for the L.D.T.T.F. and 1 gain per 
control surface for the D.T.T.F. (< 36). The values of 
X(I) for the L.D.T.T.F. shoulo be used considering the 
following basic form for the I^^ control surface 
transfer function 


Fl 


x a*6*(i-i))*s 


.2 


r + 2*X{2+6*(I-l.';*X(3+b*{I-l))*s + {X{2+6*(I-1))^ 

X( 4^6*(I-1))*S^ 

S^ 2*X(5+6*(I~l))*X(6+6*(I-l))*s + (X(5+6*(I-1))^ 


For L.E. control 

5l . 


Fj L-4 4J 0.3C). 


J 


i 


“ 34 " 


For T.E. control 


» Fjl 4 2.8jJ 


(h/b) 


0.3Ci - 1.8> 


J 


For further details see Ref. 3. 

th 

X2(I) Value of the upper bound of the I control parameter 

(during optimization). 

EPS(I) The desired absolute accuracy of the optimal final X(I) 
value. 


READ (FORMAT (4E10.0)), FMIN, ETA 

FMIN Parameter containing an approximate value to the minimum 

of the target function FUNCTN (see remark at the eno of 
this section). If unknown, use FMIN • 0. 

ETA Parameter containing an estimate of the relative accuracy 

of the rms response computations. Used to determine the 
type of difference approximation to the gradient (value 
unimportant for the gust sensitivity version). 


RfAD (FORMAT 
ITMAX 


IW 


- 0 
- 1 

- 2 


(515)), ITMAX, IW 

An input/output integer. On Input, ITMAX contains the 
maximum allowable number of optimization iterations. On 
output, ITMAX contains the number of Iterations used 
(value unin^ortant for the gust sensitivity version). 

An integer code for printing during computation (value 
unimportant for the gust sensitivity version). 

No printing. 

Print gradient vector, direction of each linear 
minim . jtion and function value before and after each 
linear minimization. 

In addition to the above, print function values 
calculated during the course of linear minimizations. 




1 


t 
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- 3 In addition to the above, print function values 
calculated In evaluating the gradients. 

READ (FORMAT (IlU, 2E10.0)), MF FBEGIN, FEND 

NF Number of frequency Intervals used in computing the 

spectral response (Total number of frequencies used - NFT 
• NF+1, should be £ lOU). 

FBEGIN Lower value of frequency (In HZ) in computing the 
spectral response. 

FEND Upper value of frepuency (in HZ) in confuting the 

spectral response. 

READ (FORMAT (4E10.0)), LENGTH 

LENGTH Gust scale length. Used to determine the Von Karman gust 
spectrum. 

READ (FORMAT (4E10.0)), EM 

EM Flight Mach number. 

Remark : The definition of fie target function FUNCTN (in 

subroutine SOLGST, card 461 for function based on rms control 
deflections and '•ard 467 for functiori based on rms rates of control 
deflections) is left open to the user. It can be defined for example 
as a weighted sum of the rms responses, that is 

NC 

HUNCTN . r W, (q 

I si 1 

or 

NC 

FUNCTN . N, 

where represents the i^" weight. 

In some cases it may be of interest to keep the various rms control 
responses equal and a penalty function may be introduced into the 
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target function. Note the following equivalence relations between 
the notations used In eqs. (52), (53) and those used In the program: 

('’c.^rms S DRMS (I) 

)rms m DRRMS(I) 

^1 

lnyortant ; Do not forget to check whether the definition of FUNCTN 
in the program (cards 461, 467) is applicable. 


NPUl Of- DATA - GUST SENSITIVITY VERSION 

As already mentioned earlier, the gust sensitivity version of this 
program yields plots showing the sensitivity of the rms responses of 
the controls with respect to variations of the various X(l) gain 
parameters. To accomplish this, the following molf ications should be 
made to the program: 

1) Replace cards 299-309 by the following 
IF INAL - 1 * 

CALL GUSPLT (XX, XIACT, X2ACT, EPSACT, QQ, EM) 

2) Delete cards 320-321. 

3) Delete cards 472-b.^6. 

4) Delete one of the two subroutines CONTRl present In the package 
or replace both of them by a new one. 

One should make sure that both subroutines (GUSPLT and PLT) are 
incluoed In the source program. 

Tlie data required is identical to the one outlined in the above gust 
optimization version except for the following change In the meaning 
of the fol low ing data: 

DU 200 1 . 1, NV 


i 
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READ (EORMAT (4E10.0)), Xl(l), X(I), X2(I), EPS(I) 

200 CONTINUE 

ti h 

Xl(l) Value of the lowest bound of the I control parameter 

(during sensitivity variations of this parameter). 

X(l) Initial value of the P control parameter (at the 

onset of the sensitivity voriation). 

X2(l) Value of the upper bound of the P control parameter 

(during sensitivity variations of this parameter). 

LPS(l) The sti'p size used in moving from X(I) to both Xl(l) and 

X2(I). 

Fur tiiennore, some of tlie data needed for the gust optimization 
version is still read Out the values are irrelevant for the 
gust-sensitivity version since they are not used. These parameters 
hail heeti inuicated while explaining their meaning in the gust 
optimization version of the program. 
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5. APPENDIX C 
SUBROUTINE CONTRL 
DETAILS ON THE COMMON PARAMETERS 


Subroutine CONTRL computes the control laws used for either the 
flutter package or the gust package (including gust optimization 
program, or control response sensitivity to control law parameter 
variation program). The subroutines included in the above packages 
relate to aerodynamic energy control laws of the D.T.T.F and of the 
L.U.T.T.F. Whenever other types of control laws are required, 
subroutine CONTRL has to be reprogrammed (the same subroutine CONTRL 
can be used for both packages mentioned above). In the following, 
some explanations regarding the COMMON prameters employed by 
suoroutine CONTRL, will be given in order to facilitate the 
reprogramming of subroutine CONTRL whenever deemed necessary. The 
subroutine is defined by 

SUBROUTINE CONTRL (NP, P, ND, QD, NC, WR, NTE, X) 
where 

NP Two-dimensional integer output array. NP(I,J) contains 

the number of polynomial terms (as function of s, 
starting from s*) in the numerator control law element 
(1,0) of matrix [P'(s)] (see eqs. (31), (B3) above) - 
(I<6). 

P Three-dimensional output array representing the numerator 

control law matrix [^(s)]. P(I,0,K) represents the 
coefficient of in the numerator polynomial 

located at position (1,0) in [^s)]. 
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no One-dimensional Integer output array. ND(I) represents 

the number of polynomial terms (as function of s, 
starting from s*) In the denominator of the element 
In the diagonal matrix which forms a part of the 

control law transfer function matrix [T.] 

QD Two-dimensional output array representing the denominator 

control law diagonal matrix QD(I,K) represents 

the coefficient of s^*^“^^1n the denominator of the 
element In the diagonal matrix • 

NC Number of controls. 

WR An Input parameter. Used In present program for the 

aerodynamic energy control law of the D.T.T.F. to 
represent reference frequency (rad/sec). The value 
chosen is riormally around the value of the flutter 
frequency. 

NTE One dimensional input array used to distinguish between 

L.E. and T.E. control surfaces. 

* 1, T.E. control. 

» 0, L.E. control. 

X One-dimcnsional input array of control gains used for 

computing both L^(s)] and 

Note that matrix [P(s)j (see eq. (31)) is not computed in 
subroutine CONTRL ([P(s)] » [P'(s)] * [H] where [H] is the 
modal matrix connecting the deflection at the different 
sensor locations with the generalized coordinates of the 
system, (see also eq. (B3)). 




APPENDIX D 


EIGENVALUE SUBROUTINES 
DETAILS ON THE COMMON PARAMETERS 


The subroutines described in the following pages belong to the IMSL 
library. They can easily be used in installations enjoying access to the 
IMSL library. Their replacement by other routines, if necessary, 
involves little effort and can be easily accomplished using the 
information included herein. 


r» n 


C gUBRUUTiNb. fedALAT ( A .N. I A .0 tK *L > 

C 

C-feBALAf J LIBRARY I 

C 

C RoKCr ICN - BALANCE A REAL MATRIA A. 

C U 8 A 0 E - CALL EBALAI^ i A«N. 1 A. 0 *K*L) 

C PARAMC.TEK 3 A - THE N X N MATRIX filVINI* THE ELEMENTS CP THE 

C RATRfX TU BE BALANCED. IKE INPUT A IS 

C hEPLACEu by the balanlco matrix. 

C N - The. CRDER OE THE MATRIX A AND THE LENUTH OP 

C lA - RGw LIMENSIDN UE A IN CaLLINCi PRCuHAM 

C O - THE CUTPlT AKkAV up LENsjIH N MHICH CONTAINS 

C iNHQHMAIlLN ULTEKMININu THE PEHMUTATICNS 

C UbLD AND 1 ML ;>CaLIN(> HALTCHS 

C K. - K AND L AWL Tau UUTPLT INTEGERS SUCH THAT 

C Ail.JI - 0 . IH 

C (I) I IS GRLATtR THAN J AND 

C 12 ) J ■> LR 

C I « N 

C L - SEE ABLVEt IF L .CO. U THE URIGINAL MATRIX A 

C Is IN hlssEnhlng FLKM. 

C RRELISILN - S IN^sLL/UCUulL 

C LANGUAGE - FLKlKAN 


EBALOOlO 
EBALOOSO 
— EBALOOJO 
BBALUU 40 
EBALOOBO 
eilALOtiBO 
EBALOOrO 
EBALOOBO 
EBACOOBO 
0 EHALOlOO 
EBALOIIO 
EBALU 120 
EBAL 0 I 30 
EBAL 0140 ' 
EBALOtSO 
EBALOIeO 
EBALUI 70 
EBAL 0 I 80 
EQALOIBO 
EBAL 32 U 0 
EBAL 0210 
EBAL 0220 
EBAL 02 J 0 
— 6 BAL 024 C 


C SGURLUllNL i-hesSF 

C 

C-LMLSST J 


C 

C » GNC T ILN 

C 

C 

C UjAGE 
C PARAMETERS 
C 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

C PRtGlSluN 
C LANtjGAGE 


A 


K 


L 

N 

1 A 

J 


(A.K.L.Nt lA.Ut 

-LIBRARY 1 

- KtJucE A ngnsymmeikic matrix TL gPREH 

HESSLNdtRG EURM bY CRTMCGUNAL 
TRAN^hCkMAI 1 LNS 

- CALL LHtES^ ( A , K iL . N . I A i L) ) 

- N BY N NG 'JiVM'^LTM IC MATRIX TU BE REDUCED TO 

dPPtR HEsSENULRG ELRM, (INPUT) 

LN BLlPt^r, A lCNIAINS THE UPPER HESSENBERG 
MATRIX. 

- THL RGUTJM REDUCES LNuY THE SUH-MATRIX OF 

GkDEK L-NHl, ftHLWL K Is GREATER THAN UH 
EUsAL IB 1 ANU LESS THAN sR ECGAL TO L. N 
IS Tht RB* ANU lULUMN InGEX GF THt STARTING 
ELEMENT. (INPUl) 

- THE RUft ANU CbLuMN index GF ThE LAST ELEMENT. 

L IS LESS IHAN UK tvJJAL IG N. (INPUT) 

- BRJtR 01 A AND IHC LENGTH CF U . t I NPUT ) 

- RUA JIMCNSXUN UF A IN CALLiNu PRLGRA M . II 1 NPUT ) 

- UuTPgT vector UH LENGTH N CONTAINING THE 

DETAILS Of THE TRANsF ERMA T I LN 

- s I NuL E /UGUB lL 

- HCRIRAN 


EHESOOIO 
EHES 0020 
■EHESOOJO 
LHES 004 C 
EHES 0 G 5 U 
EHESOOoO 
EHESOO /0 
EHEsouau 
LHESOUUC 
EHESUlOO 
EHCSOI I 0 
EHES 0120 
EHESOIJG 
EHESD 140 
EHESUlfaO 
EHESOKiO 
EHESOI 70 
EHCSU 160 
CHESOlUO 
EHES 0200 
EHLS 021 0 
EHES 0220 
LHESU 230 
EHES 0240 
EHES 02 S 0 
EHES 02 B 0 


SUBRLUUNE EGRHBE ( h . N . I H . X . L . MR , - I . E . I t . I ER ) 


EQRNOOIO 

EQRN 0020 


ORIGINAL PAGE IS 
OE POOR Qi^^i.rry 
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lC»i 

UliAOb 

PAKAMtTbNA H 


-CIMHAHY I — EOHN0030 

COPK0040 

- |t iNO THE fclciENVAi.UC4 ANU lOPT IONA4.CV I Eia4N> 40II400E0 

vtcruRs uf A KCAi. upPBK HestEHBepe MAinix. eoftNootto 

- CAU. 6UHH3E tOPNOOTO 

- CN INPUT f H CONTAINS THE UPPER HESSeNktERd EORNOOEO 

MATRiA. TMu HCMAININQ lklAN<U.C UNO&R H NAV EUPN0090 
CONTAIN INHUPMATICK PHOM THE HESSENEEMO E(»tNOIOO 

HLUUC T lUN PMUaRAM EHbStP* UN OUTPUT M IS EONNOtlO 
DtSTNCYtO. EOPN0120 

- N IS iMt UHULm uN The M PAThIX* EQNNOIJO 

- Ih is ThU KUll OIPLNSION UP H IN THE E0RN0I40 

(ALL INC PhCOHAP. eornoiso 

- K ANU U AWfc P><OOUCtO BY ImE aAt.ANCING EQNNU160 

KUUTINE FUAUAT . IF EUALAP HAS NUT BC.CN UStO tCQRNOI 70 
SET K»|, L*N. EORNOISO 

- UN UUTPuTt t F£ VECTORS SR ANU Ml UP LENGTH N EORNOIOO 

UUNTAIN l.ie KtAC ANU IMAGINARY PARTS OP THE EURN0200 
LICCNVALULS. respectively. EOHN0210 

THE ElucNVALUtS ARE UNOfiOEREO EQRN0220 

LXUCPI THAI CUMPLEX CuNJUuAlL PAIRS UP EQRN0230 

VALUtb APJLAR CuNStCU T I VEU Y SlTR THL tluEN- EQRN0240 
VALUL HAVlNu 1 Rt PGSlIiVE IMAGINARY PART EQRN02BC 

FlRSr. IF A.>« EhHuk exit IS MADE. THE. ECRN02E0 

LIuLNVALUuS :>RUULJ Be CURHECT fur indices E0RN0270 

SHtRt J»IEH-I2a. EORN02BO 

- UN INI-Ul. Z CuMaINS the identity matrix eUHN02v0 

uF uKUtR N IF TRL EIuLNVECTORS UF THE UPPER ECRNOJOO 
RE«4CNbL(<G MAThlX ARE UEjIAeU. EGRNOjIO 

IF THE lIuuNVElIuRS uF a real uLNLHAL MATR I AEURN0J20 
Arit ULSlKtU. IFLN UN INPuT. Z tUNIAINS THE EC'TNOJSC 
TrANSF L kMAI luN MAIKIX PRCUUCEu IN ERLbSf EORNOJAO 

SHlLH f uUuuEU Ire uEnErAL MATrIX TU EORN0J50 

HLSGlM’eWv. FUkM. this matrix can be EUHN0J6C 

ufclAINEu H» 4LIT1NG Z IL THE N BY N I OEM I T VtORNO J 7 0 


MAIrIX ANU (.AuLINU EHk'CNf BtFCRE CACLlNu LURNOuBO 
CG'^FJF. EORNOJvO 

CN UCIPCI IHL N UV N RATRlX Z CCNTAINS THE LQRNOAOO 
REAL ANU I.MAulNAKY PAhTu UF THE EIGEN- EURN0410 

vEuICRS. IFIU I-TH CULURN uf 7 I S A REAL EQRN0420 

>TR t luLNVALUE IS HEAL. EURN04J0 


EluLNWtCIUK IF 


IF IRE l-TR eigenvalue IS CcMPLEX SiTM EGRN0440 

PuSITlVt I.MAGIivAkY part. IHE I-lH ANU EuRN04b0 

II+n-lR CULUMNU U» / CUMAIN THE REAL EQRN0460 

ANU IMAgInArV PArTS UF ITS EIGENVECTOR. EURN0470 

IF IRC l-lM LIgLNvACUI IS CCMPLEX «iIlM NLCA-EUHN04B0 
I IVt imaginary PARI» TRE Il-l)-TH CULUMN CF E0HNO4S0 
7 CCNIAINU iRt REAL PARI UF IIS EIGENVECTOR EQRNObUO 
AND IRE I-lM UCLUMN UF Z CCMAlNS MINuS THE EURNOSIO 
ImaoINAm'V part UT its EIgENVECIUR. EOKNObiJO 

TRE EIgENVECIuRS Are UNNORM AL I 7E0. IF AN EUHN0530 
ERRuR EXIT IS made. NONE UF THE E I uENVEC T ORSeORNOSAO 
HAVE BEEN FUUND. EQHN0S50 

17 IS TRE Rus uIMENsICN cF Z IN THE EuRNOSGC 

calling PKuvjKAM. if 17 Is LESu THAN N. THE EQHN0570 
LIcENVCCTuns are NCI CUMPUIEU. IN THIS EQRNObBO 

CASL 2 IS Ncl USED. EQRNOSMC 

EKRCR PArAMLTEH E0RN0600 

TERMINAL CRHCR EQRNOOIO 

lEH * 17U »■ J. INUICATES THAT eORHJF FA ILLU EORN0620 


Tc ccnveRgE viN eigenvalue 


E IgENVALOES 


EOHNOBUO 


rr»r*nf»nnr» 


43 


IL.IS 

Rfeuo* iMsc huoTiNr.& 

CAKaUAU: 


HAVt i»ei:N CCMPUltcD COhMECTtY* 

C.I6ENVA4.04.S I AHC *Mt It. ECRU. IP IZ 

IS ChEAIEN IKAN UR EOUAt TC N» CIOfiNVeCTOHS 
ARE S(;1 rC ZERO. 

SlNULL/^ltUUUt. 
ukmT al 
PCW IRAN 


eOHNO«AO 

CORNOftBO 

RORNOftBO 

eORN0670 

eOMNOBRO 

eaRHO690 

EORNOroO 

CQRN0710 
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APPENDIX E 

SOURCE LISTING AUD INPUT/(XJTPUT EXAMPLE FOR FLUTTER PROGRAM 

The first part of the Appendix consists of the source listing of the 

f 

program and is followed by an Input/ojtput example. The example chosen 
relates to the OAST configuration at M-0.9 with one active T.E. control 
surface based on the L.D.T.T.F, The output of the computer run includes 
a root-locus plot together with all the data rquired by the program. The 
aerodynamic coefficients AERO used by the program are listed for 

convenience (this aerodynamic data Is retrieved by the program from file 

2 ). 

It is recommended to use the plotting symbol in the root locus 
plot. The symbol used in the present example is a resulv, of some 
transient difficulties encountered using a new plotter. 




IMPLICIT KEAL*8tA~HfO-Z ) OMOOOOI 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOO09»O«t 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


CO0O0OOOJ 

FLUTTER &UPRESSIUN PACK AGE I T I OP ttITHOUT ACTIVE CONTROLSI COOOGOCHIA 

USING HUUT LCCUS TECHNIOUCS. THE FOLLOHIKG INPUT DATA IS REQUlftEIKOOOOSOOS 

COO0OOOO6 

HOR - HCAOEM IFORMAT ISA4 « C00000007 

coooeooos 

C00G0S009 
COOOOOOlO 
COOOOOOl I 
CO0OOOOI2 
COOOOOOl J 
COOOOOOl A 

coooooots 

COOOOOOlO 
COOOOOOl 7 


NAMEL IST/CASL - 

NM - NUMUER UF 4UUtS(l% MAX) 

NC > NLN4UEK UF CUNTHOLSC6 MAX) 

NAEH - I INPUT AERO IN TERMS OF INTFRPOLAT I CN COEFFICIENTS OP 
- 0 INPUT AERO FUR DIFFERENT VALUES OF K - lNTm>OLATIUN 
CUE* / IC lENTS TO HE COMPUTED IN SUHHUUTINE FIT. 


c 

c 

0 - ARRAY 

UF LAG TERMS 

USED DURING I NT ERPOL AT I QN( A MAXI 

coooooots 

COOOOOOlO 

C 

NG - 1 IF 

V.UST AERU IS 

SUPPLIED 

C00000020 

C 

- 0 IF 

uUST AERU 15 

NUT 3UP‘>LltO. 

C00000021 


C 

c 

c 

c 

c 

c 

c 


NL - NUMBER OF LAG TERMS TO HF USED DURING INTERPOLATION. 

IF NAtR»l THEN AFRO COEFFICIENTS ARE READIFURMAT OX.7EtO.Al 
IF NAER«0 NFXT inputs are read IN SUORUUT INE FIT. 

SUBSFQJENT INPUTS ARE READ IN SUBROUTINE FLUTCA. 


C00000022 

C000000Z3 

COOOOOOfA 

C0000002S 

C00000026 

C00000027 

C0000002S 


CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC00000020 


EXTERNAL OREAL.OAIMAG 

CUMMON/AFRF/AOI I S . .iZ ) . A I ( 1 5 « . A2 ( t S . 2? ) . A3 ( 1 S . 22 ) « AA (1 5 .22 ) t 

AA5I IS. 22). AM 15.22) 

COMMON/ICASE/B(A) .NM.NC.NG.NL 
DIMENSION HDH( 15) 

NAMEL IST/CASE/NM.NC.NAER .B.Nvj.NL 
READ 100 > (HDR( 1 ) . I»1 . 15 ) 

PRINT tOI.IHORl I ).I«1 .15) 

HEA0I5.CASE ) 

AH I TEC 6. CASE ) 

NMNC*NMFNC 
IF (NAER.EQ.O) 

IF (NAER.EQ.O ) 

00 1 Il^l.NM 
00 1 JJ>1.NMNC 
READ 200.A0I 1 1. JJ).A1 ( 1 I .UJ 


CALL FIT 
GO Tu 10 


.A2(I1.JJ).A3(1I.JJI.AAU1.JJ). 


00000030 

00000031 

00900032 

00000033 

0000003A 

00000035 

00000036 

00000037 

00000038 

00000039 

OOOOOOAO 

OOOOOOAl 

000000A2 

OOOOOOA3 

OOOOOOAA 

OOOOOOAS 


lJUU uwu uwu 
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•ASIII.JO). ASCII. JJ) 

00090i46 

1 CONTINUE 

@0000047 

10 CONTINUE 

00000046 

CALL PLOTCA 

00000040 

STOP 

00000060 

too fORMATf ISA4) 

OQOOOOOt 

lot FaftMATIIH .1544) 

oooeoooi 

too FORMAT (6X.7E 10.4) 

00000013) 

END 

00000064 

SUBROUr 1 NE CUNTRL I NP . P . NO . OO . NC . MR . NTE • X ) 

OOOOOOOB 


CCCCCCCCCCCCCCCCCCCtCCCCCCCCtCCCCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCOOOOOOM 


c 

c 

c 

c 

c 

c 

c 


LtO.T.T.F. caNTklM. LAM F UH ANY »«UMOE.H uF COHTROI. SUfM'ACCS. CAN 
BE J!»CL> FUM riUTH FLUTTEK AND LJST MHOGRAMS. THE BASIC GAINS 
USED HEHF IN AHF AP*»ROHrtIATF FOR £0 PERCENT L.E. A»«> ?0 PERCENT 

T.L» CONIHUl systems m I TH THL FORt SCNSUR LuCATEO AT THE 39 
PERCENT CHORD LOCATIUN - JINLNSIUNS ARE CIMITEU 10 6 CONTROLS* 


COOOOQOS7 

caoooodSB 

COGOOOOS9 

cooooooao 

COCOOOOGI 

C00000062 

C00000063 


CCCCCtCCCCLCCCt.CLCCLCCCCLLCCCCLCCCLCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOOOAA 


IMPLICIT MCAL*B< A-H.0-2 I 

OlMf NS ION NP(6* 1 ) tPIot I*: • 1 ) *U3( I a. I ) «F I 
*CDl 13) tCU,»( 3 ) , rFMPl (S ) . TE MP^I 3) .NJU ) 

M I i n-»-4.D ) 

C( l.2)*A.D0 

F(2.I)«4.00 

E(2.?)«2.d00 

C2l«-1 .MoJO 

NC2»2*NL 

OU I I*l.Nf 

DO I J » I I Nt .• 

NP( I , J ) » I 
UU I K.-l,ID 

PI I , J.K ) = 0.U0 
CUNIINJE 
DO ? 1*1. NO 


-.2) .NTEIr>).X<36).CN|J). 


CASE UF 


• I- • 


ClIN 


tH*E (7.1) 

FA* El 2...') 

IF (NTEI I ).F0. I ) 


jc r 


CASE UF L.E. 

EH*fc I t . 1 ) 
tA*F( 1.7) 

3 CUNTINUC 


CUNTriOl 


OETEFMlNAnoN A IML . jE nl-M I NA T .JR POLYNOMIAL FUR EACH CONTROL SURF. 

CNI I )*3 .DO 

CN12) =*).D0 

CUl I I » =X| (,♦ 1-4) **2 

CDK2) =2.'):j*X(6*I-4M‘)i| (-,*1 - j) 

CDl I 3 ) *1 . JO 

CD2I I ) =XI 6* I- I ) **2 

CD2I 2 ) = 7 .UOAXlfe* I - I ) *XI t.» 1 ) 

CU2I 3) = I .no 

CALL PKUPUL (CUl. J.l U2. 3.UUI 1 . I ) . NO I I ) ) 


0000006S 

00000066 

00000067 

00000066 

00000069 

00000070 

00000071 

00000072 

00000073 

90000074 

00000076 

00000076 

00000077 

0000007B 

00000079 

ooooooao 

00000081 

000000B2 

000000S3 

00000084 

00000085 

00000086 

00000087 

00000088 

00000089 

00000090 

00000091 

00000092 

00000093 

00000094 

00000095 

00000096 

00000097 

00000098 

00000099 

00000100 

00000101 

00000102 

00000103 

00000104 
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C 

c 

c 


OOOOOISf 


OtTKflMINATION OF THE NUHCRATOR POLYNOMIAL FOH CACH CONTROL 

miNFACioooooieo 

90000107 

CN|31«Xi6*l-8) 

oooeoioi 

CALL PROPUL (C02.3.CN* 3. TEMPI .Nl 

000001 00 

CN<31«Xl6*l-ai 

000 061 10 

CALL PPOPOLICOl .3.LN.3.TLMP2.N) 

000001 1 1 

00 4 lOl.N 

00000112 

PI l.aAI-I.Kl^EHAITEMPl {K|*TLMP2IKI) 

00000113 

PI 1 . 2 * 1 . K)«CA«I TEMPI<K>*TEMP2<K))fC 21*NTEI1 l*00(K.n 

00090114 

CQNT iNUe 

oeoooiis 

NPI i.2*I-l)>N 

00000116 

NPI 1 .2*1 >>N 

00009117 

CUNTIN^ 

00000110 

RETURN 

00000119 

END 

00000120 

SUBROUTINE CCmrkLINP.P.NO.OD.NC.MK.NTE .X) 

00000121 


^CCCCCCCCCCCCCCCCCCCCCCrcCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOOIlf 


c 

c 

c 

c 

c 

c 

c 


UtT.r.F. CONTROL LA* FUR ANV wUMfltP UF CONTROL SURFACES. CAN 
HE USED FOR both FLUTIER AND uUST MROURAHS. THE BASIC GAINS 
USED HEMLIN ARE APPMCPRIATE FOR 20 PERCENT L.E. AND 20 PERCENT 
T.e, CONTROL SYSTEMS *I TH THC FURE jLNSOR LOCATED AT THC JO 
PERCENT CHORD LOCATIUH - OIMCnjIuNS ARE LIMITED TO F CONTROLS. 


coooooias 

coooooiaA 

C00000I2S 

coooootas 

coooootar 

coooooias 

C00000129 


CCCCCCtLCCCCCCCCCCCCCCCCCCCCCC».oCCf«'r CCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCOOOOOl JO 


IMPLICIT RFAL* J( A-M,U-J: ) 

UIMCNSIUN NP(6.1 ) .PC'M 12. I ) .UO( 10* n .NTE I'jI.XI Jbl ,NO(C>l 

El I . I I •-•*,00 

E( 1 ,2 )*4.DC 

E(2. I I >4.00 

E(2*?)*J. 200 

C2I--I .8600 

A>IOOOO.OO 

NC2>2*NC 

DL 1 I * I . NC 

00 I J>1.NC2 

NP ( 1 . J I * 1 

00 1 K>li2 

PI I . J.K )>O.DU 

CONTINUE 

"TO 2 l>I.NC 

.»< I .2*1-1. I l-O.DO 

P( I .2*1 . I )«A*C2I*NTf ( I ) 


C 

C 

c 


c 

c 

c 


c 

c 

c 


CASE OF T.E. 


CUNTRUi- 


EH«E ( ?. 1 ) 
EA«F.(2.2I 
IF (NTEI I I.CQ.l ) 


GO TO 


CASE OF L.L. CUNTKUL 

EH«E ( I . 1 I 
EA*E( I .21 
J CONTINUE 

UCTEHMINATIUN UF .ML NUMtRATUH POLYNOMIAL FOR EACH CONTROL 


0' 000131 
0U000132 
00000133 
00000134 
00000 13S 
00000136 
00000137 
00000138 
00000139 
00000140 
00000141 
00000142 
00000143 
00000144 
00000148 
000001*6 
00000147 
00000148 
00000149 
00000 ISO 
OOOOOISI 
00000152 
00000153 
000001 54 
00000155 
00000156 
00000157 
00000158 
00000159 
00000160 
00000161 
SURFACE00000162 
00000163 


J 


n f> f% 
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»*( I *f*i taMA*! A«xi I wm 

t»rf^RM|»iAr|(tN (I» riu Ul KuRIHAr Ik (>Ul VHUMIAt. 

U0( I . I )*A 
uu(v«i) I .un 
MM( I .^Ai- I I*/ 

Nl»( I •?« I !•? 

NO«l 

1 CONTINtH 
Hf TURN 


e««99IM 

•M 99 IM 

fACM CUNfMOI. iiW^.dOSOOIRr 

0 « 0 # 9 I*« 
09090199 
99000170 
90000171 
00090170 
99990173 
000091 7« 
00090179 


I ND 00000176 

» SmiMfiUTINt ft nil A 09099177 

IMHlinr HI AL *H(A-M.U-/ ) 09000170 


ct.LH.<<crc<ti<iii-fcirci«ni».t<(<ffCi 


v-cccttc cc C t rcctcccccc CCC^i.tCCtCCf.CC0900017« 


c 

c 

c 

c 

c 

c 

c 

c 

r 

c 

c 

c 

c 

c 

c 

c 

c 

f 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


Tlir lOUATItiNS tjl MtillliN AkI HMJUtHt IN 1H|S SUUHUUIIM; TU A 
U.NVfNHNf f|HSl IJHIC 1. MjHM f)t/lJ|-uV ANU VIL Vf O f «»M A j I Vfc N 
Vltni lTV AND MAt H MJMHfk AS A I'JNCTShN t.l- TMt u 7 NAMr, SSUHt. 0 

(WHItM I> VAN lilt aMmIN a Hki->tH|t)FU NANr.F I . UH TO SIX ACTIVf. 
tiJNrwiM'V (AN Mf u-.flt IN IMI-J *.D IWDU T I Nf . Wf-j'ltlS Akf SUI TAIlLf 
f CM wnilT I IK US *1 uf S. 

NAMfl I .1/1 LUT 

MASS - MASS MAlHiX (1 . X Is MAX) 

UMI OAN - NATUHAl flUuUfuClfV AkHAY|l>4 H7 i - IIS MAX) - NUIE- 
SIlffNISS IS ( t it fSi.M MA . > AND CMiuAN AND IS iMf HI f OMt 

tUMWICT fllk ulAoUNAl MASS MAIt lA sMY. 

UtlfCIN - IMMlAl. YAl Ml Ul ilYMAMli HI.ISSUHl >, 

UrND - F INAt VAl Ul I I JYNAKK OKt SSUHl D. 

NO - UUMDf-H Cl I UUAI INIli.VALs DIVIdINu Tttr u ''A.^Uf (NJM.IbM UF 
VAUUf S Uf 0- NU> I ) . 

Vt L - F L lUHl VI I U( n Y 

HTPAN - AKhAY uf SIMUMuhd IIu.IUj uF mINuIUH TAIL) SECTIONS 
kHFHF TMI DIFFIhINT CwNIkCLS At F lOCATLulAT MID uUNTMUL SHAN 
StCTIUNS) - it MAX) 

(THAN - At MAY IF ulSlANCIS JFt..ltN T HI 1 All IhANSDUCIMS AT f ACH 
CUNTRUL SUKFAcC MID stcTIlNlUSI ) TU CuMHuTt IHF ANul.E DF 
DtFOHMAT ItJN ) - (^ MAX). 

CHCF - HtFtMtNCf iFMI CHUMU IlNsTf. (NuMMALLY »1NG HjUT SfcMI 
CHORD) - SHOULD UE CUFISISTFNT aITH T HI HF.FtktNCE LEuOTH USED IN 
CUMPUTIUv. THF WFCUCI.U rkhDUrNCY K. 

/X - MATRIX AHtMt ZXlI.J) INDICATES IHC D I SHC AC L ME NT I PUS I T I VE 
nOXN) OF THE I-TH TMANSnjCfH DDF Tu ThE J-TH MLDE. fCH EACH 
SECTION THF HE AH F TXU TMANSDUCEHS -- THE FCiRh TRANSUUCEP SMUJLD 
HE LOCATED AHEAD UF THE AFT I M ANSUUCt w ( AT 3) PERCENT CHOHD FHQM 
L.E.). THESE SETS UF THANSDUCFHs SHOULD bE AMMANoED IN THE SAME 
ORDER As THE CONTROLS - (12 X IS MAX), 


COOOOOIOO 

C00009I01 

COOOOOIOO 

COOOOOI03 

COOOOOtOA 

coooooies 

C00000I06 
C00000I07 
COOOOOtOFI 
COOOOOIOO 
COOOOOIOO 
COOOOOI9I 
C00000I92 
C00000I93 
COOOOOl 94 
C00000l9b 
C00000I96 
C00000197 
C00000I9B 
COOOOOI90 
C00000200 
C00000201 
C00000202 
C00000203 
C00000204 
C0000020S 
C00000206 
C00000207 
C00000200 
C00000209 
C000002I0 
C0000021 1 
C00000212 
C000002I 3 
C000002I4 
C9000021S 
C000002I6 
C00000217 
C00000216 
C00000219 
C00000220 
C00000221 
C00000222 


48 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


Iftte - VALlifik LIKE Zw OP REPEKCNCC rRAHSDOCERS USED TO DETECT 
THE KIQID dUOT MOTION OP THE AlHCHAFT - (2 X 15 MAXI. 

IMLOT - I ROOT LOCJS PLOT «1LL BE MADE 

- 0 NO PLUr XILL HI MADE 

CLR - ARRAY OP X DISTANCES (POSIT I Vt APT I BETWEEN THE PONE 
REPLRCNCE: IBANSOUCER ANO THE PORE CONTHIX TRANSOUCEP - (6MAX| 

CTB - DISTANCE HElwEEN TMt TWO TRANSDUCERS AT THE REPEHENCE 
SECTION. 

NCACT - NJMBER <3P ACTIVE CONTROLS POLLOWINO THE ORDER OP THE 
CONTROLS. 

NAMtt I »1/PLUTPA 

X/ - LEPT HANO LIMIT LF REAL PART OP ROOT LOCOS 
VZ«0. 

XSCAIE - AHSCISSA SCALt( VALUE PfcR INCH) 

YSCALf - URUINATL SCALE! VALUE PER INCH) 

XL - LENGTH OP AHSCISSA IN INCHES 
YL - LENuIH OP CRUINAIfc IN I NI Ht S 

ISYM - INTEGER DEFINING SYMUCL DURING RUCT LOCUS PLUT<=3 IS 
RECOMMfcNJL I . 

lENTRY - I 

NAMIL IST/MXhlZt 

MAXC - MAXIMUM NUMUER OP CONTROC5(*G N THIS PROGRAM) 


MAXNM 


MAXIMUM NUMHER UP MlOES(»15 IN THIS PROGRAM) 


MAXK- MAXIMUM NUMHfcU JF PitLYNuMIAL TERMS PER fcLEMENT IN THE 
TRANSPLH f UNCTION NU4PPATOK AND DENOMINATOR MATRICES(=10 HEREIN) 


MAXT - MAXIMUM ORDER UP FINAL MATRIX AlWHERL OY/OT»OY — 
IN THIS PROGRAM) 




NAMEL I ST/CONC 

NOTE THAT IT IS NECEaSARY TO OELE TE ONE OF IHF TwO SUBROUTINES 
NAMED CONTRl. ACCuROlNG TO T HP DLSIREU CONTROL LAW. 

WR - RtPLRENCE P RE UUE NC Y ( R AU/SE C) . USED ONLY FOR THE O.T.T.P. 
CUNTHUL LAWS — VALUE CHOSEN Is NORMALLY AROUND THE FLUTTER 
PRECiUENCY VALUE. 

NTE - INTEuER ARRAY FOLLOWING THE ORDFR OF THE CONTROLS ANO 
IDENTIFYINc JETwEKN L.t. AND T.E. CONTROLS. 

=1* T.E. control 
- 0 , L.F. CONTROL 

IT Is important TO NOTE THAT WHENEVER A CONTROL IS NOT ACTIVE 
PUT NTE=J 


coooootta 

C00000224 

C0000022S 

C00000226 

C00000227 

C00000225 

C00000229 

C00009230 

C00000231 

C00000232 

C00000233 

C00000234 

C00000235 

C00000236 

C00000237 

C000002J8 

C00000239 

C00000240 

C0000024I 

C00000242 

C00000243 

C00000244 

C00000245 

C00000246 

C00000247 

C000D0248 

C00000249 

C000002SO 

C000002S1 

C000002S2 

C00000253 

C00000254 

C090002SS 

C00000256 

C00000257 

C00000258 

C000002S9 

C00000260 

C0000026I 

C00000262 

C00000263 

C00000264 

C8000026S 

C00000266 

C00000267 

C00000268 

C00000269 

C00000270 

C00000271 

C00000272 

C00000273 

C00000274 

C0000027S 

C000002)<> 

C00000277 

C00000278 

C00000279 

C00000280 

C0000028I 
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X - AHHAV OF uAINS.rHCRC APC 6 (JAINS PCS CONTRCtt. SUKFACl FOR 
THF L.O.T.T.F. AND I GAIN PER CONTROL SURFACE FOR TK« D.T.T.F. 
(■>36 MAX) 

X( I )ASF*2/(S<>*2 4-?4‘X(2)*X(3)«S^X(E)*«2) * 

X( 4 )*S**2/( S*A2*-2*X< 5)*X(6)*S*X(8)A*2) 


coooootat 

C00000283 

C000002S4 

coooaotsB 

C00000286 

C00000287 


REAL *4 X2, V/.XSCALCtTSCALetXl. yL.BOFC 100) 

common/ ACRF /AO < 1 8 • 2^ ) . A 1 ( I S • 22 ) * A2 ( I St 22 ) « A 3( 1 5 • 22) • A 4(1 S«22 ) t 
4AS( 18.22) .A6( 18.22) 

Ct»MMaN/lCASfc/B( 4 ) .ihM.NC.no. WL 

01 MENS ION OMEOANl 18).H(12.18).A0C(lb.6).AIC(18.6) .A2C( 18.6) . 
*A3C( 15.b) .A4C< 18.6),A8C(I5.6) . AbC ( 1 5 .6 ) • ZM( 1 2 • 1 8 ) • 2REF (2 . 1 S ) . 
*BTRAN(6) .CTRANl 6 ) . ACL ( I 8 . 6 . 4 ) . AL ( IS.I8.4)«)-CT(b.8)«0(3). 
*01(15). CM(18. 16.7). CA(18*I8. 7). CAC( 1 8. 6 * 7 ) « NP( 6 • 1 2) .NP1MX(6) . 
*N0(6) .00< lU*6).NM(21.15.l0).OM(2t.5.13).P(6.12.10) .PH(6. 18.13). 
♦ C(5 ) .pnMN(21 .21 ) .ffN( 1 89) .LI ( IHQ ) ,PV( 189) .CLH(6) .NPC(6) . 

*NTE(6) .X ( 36 ) . 

*T( 100.100) 

RtAl *8 MAbS( lb. l‘o).KtJAR(15,15) 


00000269 

00000290 

00000291 

00000292 

00000293 

000G0294 

00000298 

00000296 

00000297 

00000298 

00000299 

00000300 

00000301 


NAME! S SI/FLU T/MAbS.uMEGAN.QHEGIN.uEND.NQ.VEL . B THAN . C TRAN .CREF . 2X . 00000302 


1 


■2HEF . iPLuT .CLH.CTH.NCACT 


00000303 

NAMEL I ST/MLOTPA/X2.YZ. XSCALt . Y SCALE . 

XL . YL .1 SYM, lENTRY 

00000304 

NAMEL IST/MxS12t/MAXC. MAXNM .MA XK. MAXI 


00000308 

NAMEL IST/CUNC/Hk .NTE.X 


00000306 

HLA0(b.FLUT ' 


00000307 

XRITtlb.FLUl . 


00000306 
C0000309 
00000310 
0000031 1 

PRINT 500 


00000312 

DQ»(Qt NO-JBf jIN)/NO 


00000313 

NQT-NUI- 1 


00000314 

Ml^ 5.141592654D0 


00000318 

CALL ;^LlJIb(UU) , lOO.o, lO.O ) 


00000316 

CALL HLuT(l.*l..*“J) . 


00000317 

IF ( Iin-UT .E(3. 1 ) REAO( S.PLwTPA ) 


00000318 

ir ( IPL nt .LU. 1 » *HnF(6.PLLTPA) 


00000319 

READ( 5 .MXSIZE ) 


00000320 

XHITEl 6. MXSIZE ) 


00000321 

IF (NCAt r ,NE .0 ) RCADI j.CUNC ) 


00000322 

IF (NCACT.NE. 0) *RI Tt-l 6 .CLNC ) 


00000323 

NC*NCAC 1 


00000324 

MAXsMAXCF «1AXNM 


00000325 

00000326 

COMPUTATION OF THE STIFFNESS MATRIX 

KBAK 

00000327 

00000328 

DO 1 I-l.NM 


00000329 

UMEGAN ( I )s2.U3*PI*'JMEOAM I ) 


00000330 

DO 1 J=1.NM 


00000331 

KBARd . J ) =MASS( I . J )*UMEGAN( I )**2 


00000332 

CONTINUE 


00000333 

00000334 

FORMATION OF THE VARIOUS AERO MATRICES 

00000338 

00000336 

VELl=CREF/VEL 


00000337 

VEL2=VELI*VEL1 


00000338 

IF(NC.EQ.J) GU TC bj 


00000339 

DU 2 I-l.NM 


00000340 
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I 


I 


I 


I 


I 


DO 2 

A0C( ItJ)*A0( 

AIC( 1 « Jl-Al ( I ,NM« J) 

A2C(lt J)>A2( 

ACtil I« J. t |aAi( 
ir(NL.LT.2) t#U TO 2 
ACL< i . J*2)«A4( I 
IF(N..LT.3» UU TO 2 
ACl.( I « Jf J)sA5( 1 J| 

IF{Nt.tT.4j GO TU 2 
ACL ( 1 1 J« 4}«A6U .NM« J> 

2 CONTINOF 
60 CUNTlNUfc 
DO 3 

OU 3 J«1.NH 
AL U , J« 1 )<^ A3( I . J) 

U(FM,.LT.2) mO to 3 
AL( liJ.2)«A4( 1. J ) 
if(nl.lt,3) gu to j 
AL ( I « J. 3>*AM 1 . J) 

IF(NL.LT.A) GO TU 3 
AL( i I J i4 )<A6( t . J ) 

J CUNTINUt 

DO 4 I » 1 , ML 
B( I I =U( 1 »/VEI 1 
4 CONTINUE 
C 

C UtOUCTIUN UF THL FOUATICNS CF MuT 

C IN iHt F {.I L IJ X I NO TWO STAul SI- 

C (1) the NM STKUC tonal EOUATICNl. 

C 

CALL FACTHIFCT.H.NL tLPfLF ) 

Li»MX = L F*L’ 

OU 6 KKltLF 
C(K )=F C T(K ,LF ) 
b CUNTlNOfc 

DO 5 I=1,NM 
DU 5 J^l.NM 
0( I »*KBAR( I , J ) 

D(2)=0.00 
D< 3)=MA5S( I , J) 

CALL PKOPIILIC.LF ,0, 1,01 , LSI 
DO 7 K = 1 , L S 
CM( I , J ,K.) *Dl ( <) 
r CUNTINOE 
n( n = Ao< 1 . J ) 

D(2)=Al ( I , JI4VFLI 
0(3) = A2( I,JI*VEL2 
CALL PHUPOLIC.LF, 0,3,01, Lb) 

DU B K=l»LS 
CA( I , J ,K J -Dl IK) 

B CUNTINUE 

DO y K--' , NL 
D ( 1 ) = > . 0 0 
Ot2)*AL( I.J,K) 

CALL PNOP JL (EC T t I ,K ) ,LP,0, 2,0 I ,L 
DU 10 KUtl.Ll. 

CA(I,J,KK)sCA(I,J,KK)tOl(KK) 

10 CONTINUt 


00000341 

OOOOOJ42 

00000343 

00000344 

00000340 

00000346 

00000347 

00000340 

00000349 

00000300 

00000301 

00000302 

00000303 

000003S4 

00000305 

00000306 

00000357 

00000308 

00000359 

0000036C 

00000361 

00000362 

00000363 

00000364 

00000360 

00000366 

00000367 

UN TU A CUHMliN DENUHlNATUR - 00000360 

00000369 

xITHOUT THE CONTROL CUNTR 1 0UTI UN00000370 

00000371 

00000372 

00000373 

00000374 

00000370 

00000376 

0000Q377 

00000378 

00000379 

00000380 

00000381 

00 >00362 

00000383 

00000384 

00000385 

00000366 

00000387 

00G00388 

00000389 

00000390 

00000391 

00000392 

0000039. 

0000039^ 

00000395 

) 00000396 

00000397 

00000398 

00000399 


1 


? 


n n 
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C 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 


CONT INUE 

CONTINUE 

Nf)R«I.SMX 

NRO«LSMX 

NHTbNM'I'NC 

NMl sNM^-t 

NC2»2«‘NC 

HAXC2<E2<<HAXC 

IF (NC.FU.O) 


1 2 


aa re as 


(2» AOOIIIONS TO THE NH ^^ThUfTUHAL EQUATIONS DUE TO THE NC 
CONTPOL SUHFACra 

OCl n 1»I«NH 

DC II J»l.NC 

D( I )cAOC (I t J) 

0<2)-AlC< I,.')<<VFH 
t)(J)<-A2C < J, J l*VEL2 
CALL PM)PUL (C.LE tr. J.Ol x-LS) 

DC 12 KeI.LS 

CAC ( 

CUNT INUL 
DU II 1 , N1 

0{ I )i-O.DO 
D( 2 ) = ACL ( I t J tK ) 

CALI PkUPUL (ECU l.K) .CEtD,2tUl .LS) 

IJI’ I 4 KK= I tt S 

CACI I« J.KM=CAC( l.JtKK) fUUKK) 


FORMA I 1 UN UF the >IC 
OF THE. CONTHUL LAa 


cuMkiiL ‘3UW» ACf FUUATIlJNi. IHROUOH THF USE 


CALL C LINT HL ( NP . R . I>l J . U 3 . NC . Kkf- . N T i: t X ) 


4f> 


NCMX=0 

NPMX=0 

DO 4S I- 1 ,NC 

NPIMXl 1 )=NR( I , I J 

IF ( ND( I ) .<iT .NCHX ) NCMX-NiXI) 

DU 46 J=1,NC? 

IF < N><( I . J ) . C.T .NR IMK( I J J NR I MX( 1 ) =NR( I . J ) 
IF{NP(I,J).<iT.NRMX) N->MX = NP(I.J) 

CUNI INUt 

IF (NRMX.oT .1 SMV I nrH-NRMX 


00000400 
00000401 
0000040X 
00000403 
00000404 
0000040S 
00000406 
00000407 
00000406 
00000409 
00000410 
0000041 I 
00000412 
00000413 
00000414 
000004 IQ 
00000416 
00000417 
00000416 
00000419 
00000420 
00000421 
00000422 
00000423 
00000424 
0000042Q 
00000426 
00000427 


1 4 

CUN 1 I NUL 

00000428 

1 J 

t UNT I NUL 

00000429 

1 1 

C UNT INUr 

00000430 


un 

,15 I = l,NC 

00000431 


DU 

5J J - I . NC / 

00000432 


uu 

JJ K- 1 .MAXK 

00000433 


P( I 

» J.K) =0.D0 

00000434 

J J 

CONTI NUE 

00000435 


000004 36 
00000437 
00000436 
00000439 
00000440 
00000441 
00000442 
00000443 
00000444 
00000446 
00000446 
00000447 
00000448 
00000449 
000004S0 
00000451 
00000452 
00000453 
00000454 
00000455 
00000456 
00000457 
00000458 


n n n 


52 


C 

c 


4S 


46 


4 7 


? 1 


1 J 


1 7 


I d 


5 1 


IF (NCMX,C«T.tdMX) NWl>«NCKX 


eOOOQ4«9 

CONT INUE 


00000460 

DO 46 iBl.NMT 


00000461 

DO 46 


00000462 

iXi 46 K«l,v|4Xx 


00000463 

RM( 1 . J.K 1 bO .do 


00000464 

CUNTlNUe 


00000469 

IFINC.EQ.O) w>U ro il 


00000466 

no 47 iBl.NMT 


00000467 

OU 47 JbI.NC 


00000460 

CX) 4 7 KB t ,M4XK 


00000469 

OM( 1 • J .K )bO,DO 


00000470 

CUN T I Not- 


00000471 

INC«0 


00000472 

DO J 1 I B t , Nt J , 


00000473 

INCbINC*! 


00000474 

DU 31 JB 1 .NM 


00(100479 

HI 1 . J |B ( Zw( 1 , J ) ♦ (CL t I INC I/C iM-i .1)0 1 4ZNEf- I 1 . J)-CLH( INC l/CTK* 

00000476 

♦ /REF (/. J ) l/ntWANl INC I 


00000477 

H(I+l,JI = (Z»i(I^I.Jl-/w4I.J)>/CTKAN(lNC)-(7f<FF(2.J|- 

ZKEF (1.3) l/CTR 

0000047S 

CONT INUt 


00000479 

Dfl 30 KbI.nhmx 


00000480 

CALL MXPROOI R( 1 . 1 .K ) .H.HHI 1 , 1 »K I ,NC .NC2 .NM.MAXC. NAXC2.MAXC I 

00000481 

CONT IKJL 


00000482 

no 17 iBl.NC 


00000483 

NNbNUI I ) 


00000484 

NPCI I I =NRO-NOl 1 ) 


00000485 

DO 17 Ks 1 , NN 


00000486 

OMINMt I . I .NKU-K* 1 ) - >. ) (NN-K + I , 1 ) 


00000487 

continue 


00000488 

nu ifl I - 1 .nc 


00000469 

NNbNPI MX ( 1 I 


00000490 

NRbNPC ( I ) + Nf>I Mxt 1 ) 


00000491 

NP IMXI I 1 BNK 


00000492 

Dtl IH 3*1, NM 


00000493 

DO 1 a K= 1 , NN 


00000494 

MMINMf I , J,NH-KM )- -PiU I , J .NN-K+ 1 ) 


00000495 

CONT iNUE 


00Q00496 

NNPMXbO 


00000497 

DO 5/ I^l-N,. 


00000498 

IF 1 NPIMX I I ) ,oT .NNl»MX ) NNPMXbNPI MX( I I 


00000499 

CONT INUE 


00000500 

IF (NNPM X, .NK^ I NIR^NNPMX 


00000501 

CONT INUE 


00000502 

NhRMIbNHK- 1 


00000503 

NRDM 1 iNHU- 1 


00000504 

NTbNHRM 1 ♦•■IMT ♦ ( NN >- NivO ) *NC 


00000505 

NT S*NM T* ( NKK-/ ) 


00000506 

NTbS-NRD-N-tK 


00000507 

NTSIbNMT Bn «RMl 


00000508 

NT SC* t NKD-NKN ) *NC 


00000509 

PRINT <J0 1 , NRR ,NRi’ , NM T 


OOOOOSIO 
0000051 1 

FORMATION UF THE EXPANDEU t IR tT OKOEK UIFFERENTIAL 

E QUAT IONS 

00000512 

OF MOTION (SUITAhU FuR CIUtNVALUF bOLUTICN uF THE 

T MATRIX) - 

00000513 

REPEATED IN A LOOP F UK THE VARIOUS VALUES OF DYNAMIC PRESSURE Q 

00000514 



00000515 

DO lOJU ICASF-1 ,NUT 


00000516 

DO 32 1=1, NT 


00000517 




n r> 


53 



DO 3S 3>I«NT 

000906IS 


T« I.J)«O.O0 

00000B19 

33 

CONT INUe 

ooooosao 


o>oaceiN4( ICAS6-1 )4ou 

OOOOOS2I 



00000822 


PAINT lOOtQ 

00000523 


DO IS I-l.NM 

00000524 


OU IS J« 1 * NM 

00000525 


DO IS K«ltLSMX 

00000526 


HMC I • JtNRK-K4 1 I «CM( 1 t J t L.SMX-K f 1 ) 4U*CA( 1 t 3.1.SMX-K41 ) 

00000527 

IS 

CONTINUE 

00000620 


IPINC.EU.OI &Q TU 49 

00000529 


DO 16 l«liNM 

00000530 


DO 16 J«1,NC 

00000531 


00 16 K«ltLSMX 

00000632 


0M< 1 . J.NRR-Xtl )*Q4CAC< 1 i J «L SH X~K4^ 1) 

00000633 

16 

CONTINUF. 

00000534 


CONT INUF 

00000536 


DO 19 I*l,NMT 

00000536 


00 20 J«l «NM 

00000637 


RDMN< I t3)*-RM( 1 , J.NRH) 

00000538 

20 

CUNT INUE 

00000539 


IF(NC.FQ.O) on TU 19 

OOOOOS40 


DO 21 J*ltNC 

00000B4I 


KOMNCI. J«NM1»-0M( I.J.NRD) 

00000542 

21 

CONT INUE 

00000543 

1 9 

CUNTINUt 

00000544 


CALL MXINVRINMT ,0,MAX,KDMN) 

0000054B 


DU 22 K«l ,NHRM1 

OOOOOS46 


NJ»NMT*(K-l »♦! 

00000547 


KK*NI?B-K 

00000548 


CALL MXPMun ( hOMN t RM( 1 , 1 ,KK ) . T( 1 t "U ) «NMT «NMT .NM > MAX « MAX. MAX T) 

00000549 

22 

CUNT INUE 

00000550 


IF(NC.EQ.J) OU TU ‘ij 

00000551 


DO 23 K^l.NRDMl 

00000552 


KK«NHD-K 

00000553 


IFIK.LE.NRHMI 1 N J* NM T » K-NC> 1 

00000554 


IF (X.GT .NRRMl ) N J= NM T ♦ NRRM 1 ♦ NC ♦ (X-nKRMI-1 ) f 1 

00000555 


CALL MXPRODI RDMN.UM { 1 . 1 .KK ) . 1 ( 1 • N J ) • NM T . NM T .NC • M AX • MAX . MAX T ) 

00000556 

23 

CONTlNUt 

00000557 

50 

CONT INUF 

ooooosse 


OU 24 1-1, NTs 

00000559 


T(NMT*I , I 1*1 .DO 

00000560 

24 

CCNT INUE 

00000561 


IF INTSS.EQ..O) oU Tu 2o 

00000562 


DO 25 I«1,NTSC 

00000563 


T( NTSI .NTSl-NC*! ) *1 .U 0 

00000564 

25 

CONTINUE 

00000565 

26 

CONT INUE 

00000566 



00000567 


EIGENVALUE SOLUTION OF THE FINAL T MATRIX 

00000568 



00000569 


CALL CtlALAF ( T .NT ,MAXT ,PV. I NK , I NL ) 

00000570 


CALL EHESSFIT, I NK , 1 NL , N T , MA XT , P V ) 

00000571 


CALL EUHH3F(T,NT,MAXT , I NK . I NL , ER , E 1 .22, 0,1 ERR) 

00000572 


PRINT 600.IEHR 

00000573 


DO 82 1=1. NT 

00000574 


PRINT 200, FR< I ) ,E1 ( I > 

00000S75 

82 

CONTINUE 

00000576 
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IM IPt.UT.Ca.1 ) CALL P|-T0ATINT.eR.CI#X/.VZ,X8CALl. VtCALltXL.VL. 0(H}00877 
♦ISYK.IfNTRY) 880008T8 


1000 

CONTINUE 

00080879 


CALL PLOT! 0*t0. .999) 

00000580 

100 

FORMATIZ/IOX* DYNAMIC PRE880RE ■•.FI0.3./) 

0000008 1 

200 

FOMMATU 0X.E1S.4.* FI **£15. A) 

00000882 

500 

FORMATI//IOX* HOOT LUCUS - CLOSED LuOP -REAL ACTUATORS */✓) 

00000583 

600 

FORMAT! lOX* lEHH « *14) 

00000584 

900 

FORMAT! 7EI3. 6) 

00000885 

901 

FORMAT! SIS) 

00000586 

902 

F0RMATI9EI3.S) 

00000587 

903 

FORMATI4X.E14.6) 

00000588 


RETURN 

00000589 


END 

00000590 


SUBROUTINE F ACT K ! FC T .t» . NL » LP .LF ) 

00000591 


CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC00000892 
c C00000893 


C THIS SUORUUr INL tUMPUTES THE VARIOUS FACTORS WHICH ARC NECESSARY C00000S9A 
C SO AS TO URING THE AEHO PAOE APPRUXIMANTS TO A COMMON DfcNUMlNATORCOOOOOS95 
C FCT(ItJ) IS THF FACTOR WHICH MULTIPLIES THE J-TH LAG AERO TERM - C00000596 
C IN TERMS OF POLYNOMIAL F CT I 1 . J ) FFCT I ? • J » WSfrC T ( J. J ) *^**2 F • • • • • . • C00000897 
C C00000S98 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC00000599 


HCALWa FCT(S.S) .H(4 ) 

00000600 

IFINL.NL.I) GO TO 1 

00000601 

LP« 1 

00000602 

LF«2 

00000603 

FCT( 1. l)»I.U0 

00000604 

FCT! 1.2)>B( 1 ) 

00000605 

FCT(2.2)«1.00 

00000606 

RL TURN 

00000607 

I IF (Nt .NE .2 ) GO TO 2 

00000608 

LP«2 

00000609 

LF«3 

00000610 

FCT! 1. I )>U!2) 

0000061 1 

FCT !2. I )«1.D0 

00000612 

Fcrci «2)»U( 1 ) 

00000613 

FCT(2.2)»t.DJ 

00000614 

FCT ( 1 .3 )»d! 1 )*H( 2 ) 

00000616 

FC1 !2.3)>B! 1 )FD< 2) 

00000616 

FCT!3. 3 )»l .DO 

00000617 

RETURN 

00000618 

2 IFINL.NE.3) GO TC 3 

00000619 

LP»3 

00000620 

LF»4 

00000621 

FCT! 1 « 1 ) )4t)( 3) 

00000622 

FCT!2. 1 )aU( 2)FH( 3) 

00000623 

FCT(3t 1 )sl.DO 

00000624 

FCT(1 .?)>D( 1)*B( 3) 

00000625 

FC T!2.2)«D! 1 )FB! 3) 

00000626 

FCT!3*2)«t.D0 

00000627 

FCT(1.3)sB!l )*B(2) 

00000628 

FCT!2, 3)»B! 1)FB(2) 

00000629 

FCT(3. 3)»t .DO 

00000630 

FCT(1»4)«H! I)*B<2)*H<3) 

00000631 

FCT<2.4)sH( 1 )4B!2)FH!l )4B13)FH(2)*B(3) 

00000632 

FCT! 3.4)»B( 1 >Fn<2)FH!3) 

00000633 

FCT!4.4)=1 .DO 

00000634 

RETURN 

00000635 
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I lFfNL«NC.4) 
LP-4 
LF-S 
rCT* I 
»*CT(« 
rCT<3 
fCTC4 
FCU I 
»*CT(2 
FCT(3 
FCT(4 
FCT-< 1 
l*CT(2 
l'CT<3 
FCT(4 
FCT{ I 
FCT(2 
FCTJ 3 
FCT(4 
FCK I 
FCT(2 

♦ B(4» 

FCT( J 

♦ EU4» 

FC T (4 
FCT (5 


SO TO 


I )-B(2l4U< 3)*BC4) 

I )«e(2)*B(3»4B(2)*B(4)4B( J)*a(4) 
l)«B(2)4EI( 3lf£M4) 

1 ) «l .00 

2) -H( 1 )*B( 3)*B(4 I 

2) ■B( l)*b< 3>»B( I }*B(4 »4H( 3)*B(4) 

2)>B( t IfBI J>4H(4) 

2 ) «t.00 

3) -b( I )*U( 2l*b( 41 

3I«H< I )*H( 2)4U( 1 )4B(4l4U(2)«'ti(4i 
3)>B( 1 >4B( 2)4U(4) 

3) >l .00 

4) »fl( I )*t»f 2 )4H| 3) 

4)«b( 1 )*n< 2) 4BCI )4eC 3 )4H( 2)40(3) 

4) «d( t )4B( 2)«-U( J) 

4 )«l .00 

5) -B( 1 )4»( 2 ) 4H( J)4B(4 ) 

5)«B( 1 )4B<2)*H( i)4b( I )4H(?)4B<4)4e(t )40( 3 ) 4 Q ( 4 ) f B( 2 ) *B( 3 ) * 

t> )«B( I )4B( 2) 4M( I )*M( J )4U( t )4H(4) 4B( 2)4b( J) fU( 2)4d( 4 )4B( 3)4 

5)*H( 1 )4H( 2)4ei( J)4H<4 ) 

:})>1.D0 


iO 


CCCC 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


WE TURN 
4 PRINT IJO 

0 FORMAT (5)^* NUMHfK UF AtRUDYSAMIC LAu TERMS FXCFEOS THE MAXIMUM OF 
4F0UH TF-HMS './) 

STOP 
END 

SUHRUUTINt FIT 
IMPLICIT RE AL4BI A-H.U-Z ) 

CCCCCCCCCCLtCCCCC CCrCLCC CtCCCCH CCCLCCCCCCCCCC«.CCtCCCCCCCCCCCCCCCCCC00000670 

C00000671 

FITS THE AERU COEFFICIENTS IN TERMS OF PAOL APPROXiMANTs USING 
LEAST SQUARE TECHNIQUE. 


OOOOOS36 

OOOOB63T 

Be00063B 

OBOBOS39 

00000640 

00000641 

00000642 

00000643 

00000644 

00000648 

00000646 

00000647 

00000640 

00000640 

00000680 

00000681 

00000682 

00000653 

000006S4 

00000658 

00000686 

00000657 

000006SB 

00000659 

00000660 

00000661 

00000662 

00000663 

00000664 

00000665 

00000666 

00000667 

00000668 

00000669 


NAMELlST/F T 
NX - NUMBER 


OF REouCLi) mraurNCiEs k used for interpulai iun 


AK - ARRAY CONTAINING THE K VALJESI20 MAX) 
MUST bf EQUAL TO 2ERC) 


(FIRST RFOUCtO K 


MAXNK 


MAX VALUE OF NXlMAA NK. = 20 IN PRESCNT PROGRAM) 


NPRINT - 0 NO PPInTFD OUTPUT FRu4 SUQROUTINF FIT. 

- I PRINTED OUTPUT IS A' 4 IL ABLE I F OR UEOJoGlNG PviRPUSES) 

NPUNCH - 0 NU PUNCHED OUTPUT FROM SUBKUUTINF FIT 

- 1 PUNCHED OUTPUT ( I NTLKPQLATION COEFFICIENTS). 


IKIGID. JRIoIU 


CURVE FITTING (WITH NO LEAST 


UE THE FIR»T IRIGin ROWS 
ASSUMED To CONTAIN RIGID 


AND JRIsjIO columns 


SQUARES 
OF AE RO 


TECHNIQUE) 
MATRIX - 


REA0I2. 


) AEKOII.J.K) 


BUOY AERO - TO IMPROVE RESULTS. 


EORMATI2E 15.5) 


C00000672 

C00000673 

C000U0674 

C00000675 

C00000676 

C00000677 

C00000678 

C00000679 

C00000680 

C0000068I 

C00000682 

C00000683 

C00000684 

000000685 

C00000686 

C00000687 

C00000688 

C00000689 

C00000690 

C00000691 

C00000692 

C00000693 

C00000694 


M 


CCCCCCCCCCCCCCCCCCCtCCCCCCCC«.CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC0000069fi 
COMMON/ACRF/AOt lb t22)«Al (19.22 > . A2 ( I 5 > 22 ) . A3 ( I 5. 22 » . A«( I 5. 22 I . 0e0d099« 

*AeU9.22).A6( 15.22) 90000697 

COMMCm/ICASC/Bl A I.NM.NC.NC.NL OOOU 1690 

COMf>LEX«16 AtF<U( 19.22.20) .CCO 00000699 

DIMENSION AK(20). AK2(?0). A(AU.6) . XT ( 6 . «0 ) . V < 40 ) . XTX (6 « 6 ) . 00000700 

»XTY(6).S(b) .CL.K(4.20).CL.I( 4.20) 00000701 

NAMO. IST/FT/1«(*AK.NAXNK.NPR1NT.NP0NCH. IRIGID. JRiaiU 00000702 

READCS.FT) 00000703 

«|RITE(6.FT) 00000704 

MAXNK2«24MAXNK 00000709 

NMNC’oNMl-NO'NG 00000706 

DO 1 K»1.NK 00000707 

AK2(K)>AK(X)*AK( K) 00000700 

DO 1 J>1.NMNC 00000709 

DU I I«t.NM 00000710 

HF:AD(2.201> AEKU(l.J.K) 00000711 

I CONTINUE 00000712 

DO 9 Isi.Ni. 00000713 

B2«H( I )*l:J( t ) 00000714 

DO 9 Kci.NK 00000719 

CLR{ l.K)=AK2(x)/(*>2tAX2(i<» ) 00000716 

CtH I.K)*H( 1 )AAk(k)/(J2*AK2(K>) 000 00717 

5 CONTINUC 00000718 

IF ( AK( 1 ) .NE . 3.0J > PRINT 1 JO 00000719 

IF ( AK ( I ) .nE.O.DO ) STuP 00000720 


DETERM INAI lUN uf Thc INTRPULATION LEAST 
THE KNUV.N AFRU VCCTUR XTY 


SQUARE MATRIX 


DO 2 1=1, NM 

DO 2 J=l,NMNl 

IF( l.uT.IRIUlU.aR. J.ijT.jHlUin) oU to 7 
NK T=NK 

NK= ( 3+NL )/2+ 1 
CUNT INUF 
DO 3 K=?,NK 
X(2*K- 1, 1) = 0,D0 
X(2*X-2, I )=AK.{K ) 

X< 2 4K-3.2 )=-AK2(K) 

X(2*K-2.2)=O.DO 

V( 2*X- 3)=DRFAL( AERUl I . J .K)-Ar,,u( 1 . J . I ) ) 

Y(2*X-2) = UAIMAv,( AEROd, J.K)) 

DO 3 L=l,NL 

X(2 4K- J. 2FL )=CL R(L ,K. ) 

X( 24K-2, 2+L )*CL I (L.K) 

CONTINUE 
NHO«(S=2*(NK- 1 ) 

NCOLS=2+NL 

if(nru».s.lt.ncqls) Print iio 

IF (NHUXS.LT .NCULS) STOP 
DU 4 IRsl.NRUbS 
DO 4 JR=1,NC0LS 
XT( JR, IR )=X( I R, JH) 

Cunt iNut 

CALL MXPRJU(XT , X, XT X , NCUL S , NRU a ,NCOL S . C , M A XNK2 . 6) 
CALL MXPROOIXT.Y.XTY .NCOLS .NRUWS , 1 , 6 , M AXNK2 , L ) 


SuLUTlUM FUR THF UNKNuoN I NTE RPOLA T I CK COFFFlCIFNfS 


n n n 


57 


oo«oert« 


a 

-aoo 
21 } 
ftOO 
70 0 

100 
1 10 

201 


CALL MXINVRINCOLS.U. 

6.XTX) 

00600766 

CALL MXPHOOfXTX 

.XTY, 

S.NCOLS.NCOLi. 1.6,6,61 

00000766 

AOII .3)>AeilO( I.J 

,1) 


00000767 

Al(|,J)«S(t ) 




00000766 

A2I 1 .J)>$(2) 




00000789 

A31 1 . J)«Sf 3) 




00000760 

iriNL .LT.2) 

GO 

TU 

10 

00000761 

A4<I*J)«S(4) 




00000762 

1F(NL.LT.3) 

GO 

TO 

10 

00000763 

Abf 1 • J )«St 5) 




00000764 

irtNL.LT.4) 

GO 

ru 

10 

00000766 


10 CONTINUE 

IF( I .LR. INIUin.ANO. J.Li- • JHiblO) 
PNINTED AND/OH PUNCHfU OUTPUTS 


NK-NKT 


1 


IFINPNINT.NE .1 .ANO.NPUNCh.NH. I 1 OC TU 2 
IF (NPUNCH.Ht , 1 1 >iO TU 

PUNCH 6UOiiiO*AO(l.J)t(S(JJ).JJ>ltNCOLS) 

CONTINUE 

IMNPHINI.Nt. 1 ) 'jJ 10 ? 

PNINT 700. I • J 

PRINT 200, AO ( 1 , J ) , ( S{ JJ 1 . J J* I .NCCLS) 

DO a IKeI.nk 
CueF«lJCMPL At 0 .L )0 , O.UO ) 

DO 6 11»1,NL 

cuef*cji:ffs( 2 + 1 i )*ac mpi x (clk( I I . Ik) .cl I ( 1 1 
CONTINUE 

COf F*CUt F + AfRlK 1 . J. 1 ) «-U( 1 > *nCMPL X( O.DO, AM IK ) ) -S( 2) *Ak 2( IKl 
aUOTH*nwFAL (AtR It 1 . J.IK) ) 

QUOT 1-^OAtMAC.t At wot I , J, IK ) » 

IFtUUUTH.FU.O.UO ) UUvjTHt 1 .0-20 

IF tQUOf 1 .tO.O.DO) aoUTl=l.n-20 

CRR*DWEAL tALKOt I .J.IKl-CCFF )*1 0 J.i)0/UUOTH 

ER l*OAIMAut AFMDt I . J . IKt-CO^F )• I JO.OO/OUuTI 

PRINT 2 10. I . J. IK.AKt IK) .AL'RUt 1 . J.IK) .COHF .EHR.ERI 

CONTINUE 

CONT INJF 

FORMAT! lOX* cutf F * *aE12.4) 

FORMAT t 2 a, U5.4X , 7tl2.4 ) 

F0RMATt2X,2I2,2A, 7E10.4) 

FORMAT { 20 A‘ AERCt UEF MCOE * '.12, 

RETURN 

klDUCFO FREUUtNCY 
ARF LESS cQUATIONS 


PRES Mt.rjC 


12 , •>•/) 


MUST OC EQUAL TO 
THAN UNKNOWNS*. /> 


ZERO'/ ) 


FORMAT f FIRST 
FORMATC THtRF 
FORMATI2E15.S) 

END 

SURRUUT INC PL TUAT t N.FlH.CL I , X Z , V Z , XSC ALF . VSC ALE , XL, YL , ISVM, IFNTWY 
♦ ) 

REAL 46 ELHtU.ELItl) 


00000766 

00000767 

00000766 

00000769 

00000770 

00000771 

00000772 

00000773 

00000774 

0000077S 

00000776 

00000777 

00000776 

00000779 

00000760 

00000761 

00000762 

00000763 

00000764 

00000765 

00000766 

00000787 

00000788 

00000789 

00000790 

00000791 

00000792 

00000793 

00000794 

00000795 

00000796 

00000797 

00000796 

00000799 

00000800 

00000801 

00000802 

00000803 

00000804 

00000605 


CCCCCCCCCCCCCeCCCCLCCCCCCCCCL».CC,CCLCCuCLCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCC00000806 


c 

c 

c 

c 

c 

c 


RUUT LuCUS PILT 


FUR flutter PRuSRAM 


NUM = 44NUMBFR OF MODES 


XZ = LEFT HAND LIMIT Of REAL PART 


C00000807 

C00000608 

C00000809 

C00000810 

coooooai 1 

C00000S12 




u U *J U U 


S8 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 


Y2 


XiCALE • ABSCISSA SCAUC 


VSCALC • uktllKATF SCAtF 


XL ■ LENGTH OF PLOT IN IMChCG OF PAHfeR 
VL ■ MFluHT OF PLCT IN INCHfcG UF PAPER 


C90009SI3 
CSSS 00# I A 
C9S0S0BIS 

cssooesis 

CSOOSOSI 7 

cssesosis 

COSSOSBIf 

coesossas 

C00S00B2I 

cosooosas 

coooossts 


CCCCCCCCCCCCCCCCCCCtCCCCCCCLCCCCLLLCCLCLCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCOOSSOSEA 


DIMENSION EMI ISO I t LI ( ISO I • EX ( ISO ) «E YU SO) 
M>0 

DU I l« I .N 
CRI I )«LLt<( I ) 

El I I) >CL III I 
RGHTLH» X/*XS<. AL E *)a. 

UPLMT»YE«-VL *V SCALE 

IF I ER| I ) .L r. */ ) Oo Iw I 

IF IE I ( n .L T . J. ) G'l TO I 

IF ( PR I n .or .MOHU M) Tu I 


oU 


TO 1 


IF IE I ( I ) .v-T ,uPt MI ) oU TL I 

IF I ABil LW| I n .L r . ). S J. AND. AHSIE 1 I 1 ) > . L I . 0 . SO ) 

M>MF 1 

EX|M)xM<I I) 

LY(M) -t 1 1 n 

I cuntinuf 

EXIMFl ) xX^ 
tv IMF 1) -V^ 
f X IMF? I = XSCAlE 
rv (MF.> ) -YSCAuC 
oU Til < .’ t J) t 1 LNTR Y 
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APPENDIX F 


SOURCE LISTItC AM) INPUT/OUTPUT EXAMPLE 
FOR GUST OPTIMIZATION PROGRAM 


The first part of the Appendix consists of the source listing of the 
program which Is used for both gust optimization and gust sensitivity 
purposes. The operating instructions Indicate which subroutines and 
which cards need be deleted or replaced. 

The example chosen relates to the same DAST configuration (M-0.9) 
chosen for the flutter example with one active T.E. control surface, 
(using L.D.T.T.F.). Therefore, the aerodynamic data AERO (I,J,K) which 
resides on file 2) is not listed again in this Appendix. All the data 
required by the program appears in the output. The two PSD plots for the 
control surface deflection and for the control surface rate of deflection 
are supplemented by a tabulation of these plots. These appear in four 
tables as follows: 

The first table shows XF(I)(»ai rad/sec), DEFLN( I ) p^p) and PSD(I) 

(- the Von Karman gust spectrum). 

The second table is similar to the first but shows DEFNR(I)(- 6^ PSD^‘ 

The third table shows DEFLN2( I ) (»6^ p^pj 

The fourtl. table similarly shows DEFLNR2(I)(= 6^ p^p^ 

Note that all the control defections are given in degrees per unit 
gust velocity. 

The last table summarizes the optimization iterations and is very 
inportant in studying the progress of the minimization process. The 
notation used is as follows: 


PRECEDING PAGE BLANK NOT FILMED 
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I TERMS I tent 1 on nutsber. 

FORT. Value of the target function FlWCTM during the present 
Iteration. 

The absolute value of the maxinum gradient coi^nent during 
the present Iteration. 

IGMAX The active control law variable number to which 6MAX 
relates. 

DELMAX The maximum absolute value of the optlmira direction 
component during the present iteration. 

IDMAX The active control law variable number to which DELMAX 
relates. 

E(LOWEST) The step size to the minimum along the optimum direction. 


The output also includes the initial values of the gradients G{I) 
(with respect to the control variables) and the final values of the 
gradients G(I) (after completing the minimization process) together with 
the optimum values for the control variables X(I) and the minimum value 
of the target function FiJNCTN. 

Note also that when a control variable resides on a constraint and 
its gradient leads to the violation of that constraint* the gradient is 
artificially changed to assume zero value. 

Note that the plotted output shows labels which appear to be 


displaced. These displacements reflect transient difficulties 
encountered while using a new plotter and they do not originate from the 
programs used. 
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IMPLICIT XL iU. «U{ A-H .a-Z I 

;cccccn CCt.cCCCCCCCCCCCCcCCCCCCC ^CCCCC CtCCtCCcCLCCCtCCCCCCCCtCCLCCC 

0O>>T Ht aPUNiit HACKAUF MHiCH PLHMlTj THt CUMHUlATIQN CF T Hf 
SPtCTMAL krSPONSi UF AIPCWAfl OUl: lU CUNTINUUUS GUST rNVlKON*«ENT 
THt IFFICTa UF Al I i Vt. CUNTWLlb JN THt kLSPJNSt CAN RF. ACCOUNTED 
FUW. FUKiHCKMUWr . IHL HAalt uUjT PhUuWAM IS CUUPLEO IN THE 
PHFSCNT PACKAjF WITH AN Ut» T I M I Z AT I UN HUUTINC WHICH FNAOi t S THE 
Ufc TtHMINATIDN Of THF VAMICiUS CUNTfJUl UAINS SU AS Tu MINIMIZE THt 
AIPCHAFT MtSPUNSt III uJSl . StNSlTIVITT STiJOIbS AROUND THE 
OlVEN (UK UPTIMAL ) CUNTkuL UAINl, CAN ALSU liF MADE. THE 
fULLUWINu data is WtOOIHfcu; 

HUM - HtADER (FumAI ISA4) 

NAMFLIST/CASE - 

NM - NJMUt K UF MUIFSllJ MAX) 

NC - NUMHtK l/T CUNTHULjCT MAX) 

NACH - 1 INPUT AtWU IN TfKMS UF I NT F RPUL A T I ON CUtEFICIENTS W= K 

- 0 INPUT ACKU Fuh DlM-lKtNT VALUES UF K - INTRPOtATlUN 

CllEFF IC ILN1 S TO tlE COMPUIFO IN SUBPuUTINt FIT. 

U - AWWAY UF LAU TERMS UStO DUR I Nu I NTL HPOt AT 1 CNI A MAX) 

Nii - I IF UUST AFku is supplied 

- 0 IF OUST AEKU IS NUT SUPPLIED. 

NL - NUMDFW OF L Au TERMS TU HE USED DURING INTERPOLATION. 

IF NAEH=1 THEN AERO COEFFICIENTS ABF REAOIFOBMAT 6X.7EI0.4) 


OOOOOOOl 

CC00000002 

C00000003 

C00000004 

.coaooooos 

C00000006 
C00000007 
C00000008 
C00000009 
COOOOOOlO 
COOOOOOI I 
COOOOOOI2 
C00000013 
C00000014 
C000000I5 
C000000I6 
C00000017 
COOOOOOI8 
C00000019 
C00000020 
C00000021 
C0000002? 
C00000023 
C00000024 
C0000002S 
C00000026 
C00000027 
C00000028 
C00000029 
C00000030 
C0000003I 
C00000032 
COOOOOOJ3 
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NAMeLl»1/CST 

KMASt - MASS MATRIX(I%*1S MAX) 

OMCOAN - MATUMAU FKEwUCMClEk ARHAytIN HZ I •« CIS MAX) - NOTE'- 
STIFFNCSS IS COMPUTED PROM MASS AND OMEOAN AND IS THEftfPOME 
CORMECT FOR OlAOONAi. MASS MATRIX ONLY* 

VEU - FLIGHT VELOCITY 

UTHAN > ARRAY OF Sb'MICHCRO LENGTHS OF UlNGiOR TAIL) SECTIONS 
WHEHE THE DIFFERENT CONTROLS ARE LOCATCOIAT MID CONTROL SPAN 
SECTIONS) - I A MAX) 

CTRAN > ARRAY OF DISTANCES HE TnEEN THE T»0 TRANSOUCERS AT EACH 
CONTROL SURFACE MID SECTIUNfUSFO TO COMPUTE TIM! AI^E OF 
DEFORMATION) - (E MAX). 

CHFF ' REFERENCE SEMI CHORD LENGTH ( N<»)HALL Y «1NG ROOT SEMI 
CHORD) - SHOULD RF CONSISTENT WITH THE HEFCHENCC LENGTH USED IN 
computing the RFDUCED freouency k. 

ZW - MATRIX WHCBC ZWU.J) INDICATES THE Dl SPLACEMENTCPOSI T I VE 
DOWN) OF THE I-TH TKANSmiCER DUE TU THE J-TH MODE. TOR EACH 
SECTION THERE ARE TwU TRANSOUCERS — THE FORE TRANSDUCER SHOULD 
BE LOCATED AHEAD OF THE AFT T WAN50UCEK ( A T 30 PERCENT CHOTWi FROM 
L.E.). THESE SETS OF TRANSOUCERS SHOULD UE ARRANGED IN THE SAME 
ORDER AS THE CONTROLS - 112 X IS MAX). 

2HEF - VALUES LIKE 7* OF RLFFRENLE 1 RANSDULEKS USED TO DETECT 
THE RIGID UODY MOTION OF THE AIRCRAFT - <2 X IS MAX). 

0 - FLIGHT OYNAMIC PRESSURE 

CLR - ARRAY OF K DISTANCES (POSITIVE AFT) UETwELN THE FORE 
reference: TRANSOUCEH and the EORE control TRANSDUCER - (6MAX) 

CTR - DISTANCE BETWEEN THE TwO TRANSDUCERS AT THE REFERENCE 
SECTION. 

WR - REFfHENCE F REUUFNCY (HAO/SEC) - OSFD ONLY FOR THE O.T.T.F. 
CONIROL LAWS — VALUE CHOSEN IS NORMALLY AROUND THE FLUTTER 
FREUUENCY VALUE. 

NTE - INTLoER ARRAY FOLLOW ING THF UKOER IJF THE CONTROLS AND 
iDUNTIFYINu, BETWEEN L.E. AND T . E . CONTROLS, 
cl, T.F. CONTROL 
=0, L.E. CONTROL 

IT IS MPuRTANT TO NOTE THAI WMENtVER A CONTROL IS NOT ACTIVE 
PUT NT Ecu 

NCACT - NUMBER OF ACTIVE CONTKULS 


IF NAER=0 NLXT INPUTS ARE READ IN SUBROUTINE FIT. 

ETAl.PHl - tTAI - accuracy of COMPUTER RELATIVE TO I ION 1 . B. M. 

DOUBLE PREC ISIUN«5.E- I J) .. ABSOLUTE ACCURACY«X*ETAl . 

- PHI - RELATIVE SIZE OF •SUCTION ZONE* WITHIN WHICH 
THF liPTIMIZED PARAMETER IS SUCKED TO THE COSTRAINT 
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C00000070 
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cooooooai 

C00000082 

C00000083 

C00000084 

C00000085 

C00000086 

C00000087 

C00000088 

C00000089 

C00000090 

C00D00091 

C00000092 
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IN mm.lt fu AVtIIU COMVfRQCMCg. A«W3LUTe tlSK 

m ZUME*XI( IIAPHi CM OCMIMOIIIi MHITNKII NiAII 

LOM*M OM CCM»TRAiNTtfFOIMAT Affie.Ol 


NV.Nf»R»NO«< > NV > AH IHfHJT INTFSCttOA «4AX) 
NUM»ER or INOCPCWCHT CONTftOI. 


NMA - 

H0« - 


- i 


OPTIMI2AT lOM BAtEO ON 
HEtPONtr C# CUNTIItN.S« 

optimization based on 


CONTAININD THt 
6A1NS IN TKS BVBTEN 

MINIMIZATION OF MMB 


MINIMIZATION 


HiitMCNSi: MATES OP CONTNm.S« I FOMMAT 


OF RMS 
SIS) 


HONACT - HUMSEM OF NON ACTIVE OPTIMIZATION FAN A ME TER Sf FORMAT 

HA - INTEOEN irPOT ANKAY CONTAINIKO THE LOCATION OF THE NON 
ACTIVE PARAMCTENS IN THE X APFAYISEE OElOW) - IFORMAT SIS)* 

IF NONALTaO* A HLANK CANO SHOULD BE PLACrO FEME* 

IA..PT - T»U WEIGHTS FON FMFASIZING THE BMS CCWTNOL NFSFONSE 
ION NATL » OF ANY OCSIkEO SPECIFIC CONTNOL SURFACE, THIS IS USED 
IN CONJUNCTION WITH TFC DEFINITION OF THF TAHuET FUNCTION 
•FUNCTN* . (FUWMAT 4F.10.0)* 


CSSMSSfJ 
CSRSeSSSA 
esost'StsB 
CSSB'OttSS 
cdosststr 

CtDBOeOtS 

cooBdsesf 
coooosido 

COSOBS 10 1 
CSSSQ3I0X 
COOOOOIS3 
CO SOSO ISA 
BISICOSOOOIOS 
COOOOOISS 
COO0O91O7 
COOSOOf OS 
COOOOOIOS 
COOOOOl 10 
COOOOOl I 1 
COOOOOl IE 
COOOOOl 13 
COOOOOl 14 
COOOOOl IS 


ARE NV 

SUCH 

CARDSIFORMAT 4EI0.0) 

COOOOOl 

to 

BUJMD 

ur 

THE 

1 - TH 

CONTROL 

COOOOOl 

1 7 






COOOOOl 

10 

VALUE 

OF 

THE 

I - TH 

CONTROL 

COOOOOl 

19 


BUUNO OF THE I 


TH CONTROL 


Xl( 1 ). XI 1).X?( 1 ) .LPSI U - iHiME 
XUI) - DFNUTES the LOWEST 
GAIN PAMAMETEL, 

X(I) - OCNOTLS THE INITIAL 
GAIN PAHAMETEN. 

X?(I» - Ul-NOTCS THE UPMfH 
uAIN parameter. 

CPS< U - THE DfSIHEO AUSCA-UTf ACCUHACY UF THE OPTIMAL 

FINAL X(|) VALUrilN CASE MINIMIZATION IS MAOEI.IN 
CASE OF CUNTkCL GAIN SENSITIVITY STUDY CPSI I » DENOTES THE 

INCREMENTAL VARIATIUN OF X(I) WITHIN THF REGION XIII) XZII). 

MAX. NUMBtK OF I NCREME NT S= 34 . MAX. SIZE OF APKAYSaJG. 

FMIN.ETA - FMIN - INPUT PARAMtICR CoNTAININu AN APPROX I HAT i LN 

TO the MINIMUM f.MS RESPONSl VALUE. IF UNKNOWN 
USE FMIN*0. 

ETA - INPUT PARAMETER CONTAIMNv AN ESTIMATE OF THF 
RELAIIVK ACCURACY oF T H£ RMS RESPONSE FVALUAT- 

lUNs 4HICH all usu) to oetermine the type of 

OlfFtwENCT APPROXIMATION TC THE CRAOIFNT. 
(FuRMAT 4E10.0I. 


UMAX. IN - I TMAX 


IN - 


- AN lNPuT/nUlt»UT INTtGEH. UN INPUT, ITMAX 
CONTAINS Tm*' MAXIMUM ALLUNAbLF NUMBER OF 
UPTIMIZATION irtRATIUNS. UN OUTPUT. ITMAX 
CONTAINS THf NUMPFR Of ITt RATIONS USED. 

AN INPUT IMtuER CODE FUR PRINTING DURING 
CUMPUT AT ICN. 

J NO PRINTING 

1 PRINT GHAPIENT VEC TUR . D 1 REC II ON CF EACH LINEAR 
MIMMIZATION.ANU FUNCTION VALUE BEFORE AND AFTER 
EACH LINEAR MINIMIZATION. 

2 IN AOOITILN TO TMF ABOVE. PRINT FUNCTION VALUES 
CALCULATED DURING THF COURSE OF LINEAR M 1 NI Ml ZA T .COOOOO I 49 

3 IN ADDITION TO THE ABOVE. PRINT FUNCTION VALUES C00000I50 
CALCULATED IN FVALUATINg THE GRAD I ENT ( FUR MA T 5 I 5 ) COOOOO I 5 I 


C00000120 
COOOOOI2I 
COOOOOIZZ 
C00000123 
COOOOOI24 
C0000012S 
C00000I26 
C00000I27 
C00000I2O 
C00000129 
COOOOOI30 
COOOOOl 31 
C00000I32 
C00000133 
C00000134 
C00000I3S 
COOOOOI36 
C00000137 
C00000I38 
C00000139 
C00000140 
C0000014I 
C00000I42 
C00000143 
C00000144 
C0000014S 
COOOOOI46 
C00000147 
C0000014S 




100 


NPtFHCeiNtPeMO 


UP PHPOaCMCV INTtflVALS UttCO IN COMIHITlIii 
THC tl^CTtM. RlSPONSettOMCN VALOt QP Pfltil^lMCV C0««t«li4 
UN H2 I •RtSPCCTlVfLVfPONNAT llOttEIO.OI. TOTAL €90§t»IOt 
NONBPJI OP PAFOiiNINC i E9 UtCO NPTbNP^I 


LENOTH > bJAT SCALP LENOTH* U»CO TU OfTCAMlNC THE 
KARMAN OUS) TAUM( POANAT 4Ct0*0) 

EM - rciCHT MACH NUMOCR (PCMMAT AEIO.OI. 


MUTE THAT THE MAIN PR<)v>RAM WHITES AND READS PMOM A TEMI»OMAMV C090001A9 
MLE tJUSMUULO ME OCP INLO AS NEWtPAsS). PILEA IB UBEO TO UUTPMJT COBOBStBA 
OPTIMUATIUN kBSULTS ANO SMCULO MC OEPlNCD AS EUUAL TO OUTPUT. COBOOCIAB 


C NOTE ALSU THAT PLOTS SHOWlNa THE SCNSlTiVITV UP ANY CONTMOL COO09O1B7 

C LAW WITH kCSPCCT 1U THE VARIOUS XU) PARAMETERS CAN BE MAtMl COO0OO1AS 

C USIHb THIS PACKALL. TO ACCONIM. I SH THIS* THC CALL TO SUBROUTINE C009B§1B9 

C SOPP WHOULU Ot FiEPLACLO WITH A CALL TO SUBROUTINE OUSPLT. WHEN COOOOOI70 

C StNSiriVITV PLOTS Ake NCT RfeOUIKCO IT IS POSSIBLE TO DELETE THE COQOOOtn 

C SUUHUUI INES OUSPLT ANU PLTlwHICH IS CALLED BY GUSPLT). THE COOOOOI72 

C SENSITIVITY kANv>E IS HOUNO uCTwEEN XIU) AnU X2U ) IN STEPS OP COOOOOI73 

C LPSU ) . sIAkT INO WITH XIU. COOOOOI74 

C C00000I7S 

C NOTt ALSO TItAT TWO OCNLHALI7CU CONTMOL LAWS AHE IMCLUOEO IN C00000176 

C THIS PALKAULt-TMt L.U.T.r.F. ANU THL O.T.T.F. CONTROL LAwS. C00000177 

C MAKE SOkt TO UELETf THE SLtf*tHrLUOUS CCNTWUL LA«. C0000017B 

C COOOOOI79 

CCCCCCCCCCCOCCH-CCCCCOCCLCCOCLCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 00000 ISO 

kCAL*4 XHtY oooootai 

LXTrRNAL »ULv.ST,DMEAl . JAIMAc OOOOOtB^ 

CUMMON/OusTf N/XI To) .PbJI 1 0 I ) , CK t F , X f ( 103 » .U.VCL «HU2. I A) , 00000183 

wkMASSi IS. IS ) .UMfcGANI I S I • wL t W T . XM U 03 ) t Y (I 03 ) • WM .ORMSI6 I .URMMSI6) 00000184 
CUHMON/COSTFN/NFT.NVACT • IF ISAL.NUM.NAI St. ) «NVtLAa£LX{ ) 5.6) .NMNC • 00000185 

WNCACT.NTtfl A) 00000186 

CUMHUN/ALKF / A Of I 5. .iL’ ) . A 1 I 1 6 . ) . A^ U 5. 2? ) « A3 I I 6 .2 ) . A4 1 1 5 , 22 I 0000018 7 

». A5US. 22). Aol 16.22) 00000188 

caMMUN/ICASt/b(4 )*NM.NC.N0.NL 00000189 

OIMFN^jIUN hum 1‘.) .2<M 12 . 16 ) . 2HrF(2 . 15) .1 PSI 30 ) .XXI 36 ) .E PSACT ( 36 ) . 00000 1 90 
FDMVI 36) .UkV ACT I 36 ) . X 1 ( 3o ) . X 1 AC T ( 3o ) . X2 ( J6 ) . X2 AC T ( i6 ) . RTH AN ( b) . 00000191 

WCTRANI6) .CLKlO ) 0000019? 

KtAL*a LLNGTH 000001V3 

NAMEL IST/«ST/f<MAS6 . iMf GAN. VFL . HI MAN .CTP AN.CMFF .ZW.2MEF .U.CLk.CTF 00000194 
4.WH.NTE.NCACT 00000196 

NAN EL IST/CASE/NM.NC , NALR .U . No .NL 0000019b 

C 00000197 

C INPUr/UUTPUT Uf UATA 00000198 


MLAU 133.(HUMU ).1>1 .15) 

PKINI 131 . I HUM! 1 ) • I >1 . 15 ) 

(IEADI5.CA3E ) 

WM I TE( O.CASE ) 

NMNC«NM*NCFNu 
iF (NALM.tU.O ) GU 1U 10 
OCi I 1I->1.NH 
DU 1 JJsl.NMNC 

ML AU 132. AU I 1 I . J 3) .A1 U I . J J ) . A2 I I I . J J) .A3U I • 33 ) .A4U I . 33 ) 
♦ ,A5U I .33) . AC ( I I , 33 ) 

CONTINUE 
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CAI.t. 


ptfcaiNB* tRi3«»t* rcNO«* »ci 


cunt I mu 

MAOf tfaiTi 
MfiiTeu.ftTi 

IPfMAEA.Ea.OI CA 

PCMMiATI' 

BffAO ld 9 .ETAtil»M| 
IU1>» 


Fl«3*IA4%4269AP0 

RC AO l03.MV»^4M.NOk 

READ lOliNGMAC r 

READ tOif IMAI l)tl>ltNuNACT) 

NVACTbNV-NUMACT 

meao ioa*i(i.««T 

WRITE( IJt, IIS) 

HRl TF I lUl 1 1 Ofl) 

DU got I«ltHV 

HEAD too. XI f 1 ). XI I ) tAZC I )»EPS( I ) 

ttf^I TF ( iUl .1 02 I XI C I ) tX< n .X7I I ) I ) 

Oc »0*S I»l,NV 

ORVI I l«O.OOOIDO 

CONTINUE 

NFAO lOO.FMlNtFTA 

READ tOJ. ITHAX. Ikr 

MFAC l2itNF.F(1FulNtFEND 

«F-AO lOOfCCNUTM 

PRINT DI.LLNUTh 

cr a ( f f NO-F uEu IN 1 /tor 

PRINT lOb.NF .FUFGIN.FE NO 

NF I«Nf f I 

HEAD I 00, CM 

PRINT 


ENCOOINa THE PLOT LABELS 

UU 20L l»I.NC 
HE N I NO I J 

«tH I TE( I 3, 133) EM,U,1 
HEliINO 13 

. RFAO(t3,MO) (LABFLXI J. I ) , js I , ‘VI 

CUMPUTATIOv Uf in;. VUS KAhMAN oil'll P,u. 

Do 220 I -I, net 

XF I I )*(FHEU1N + DF •(I-IJ)*2.0J*PI 
XH( I )» XF (I )/(2.D0*P| I 
F=XF(I ) 

PSDC I )»LrNOTH/( P I AVhL )*( l,J3»H.03/J.03*(l.J3 VOO*LLNOTM*F 
fll.OOFi 1,-5 3900*1 FNGTm*F/VFL ) **2 ) ♦ ♦ I . «3 333 3 3 JO ' 

) CONTINUE 

PRINT I 04,N V.NPH ,NOR 
PRINT 1 IG.ETAI .PHI 
PRINT I 1 v.NONACT ,NVACT 
PRINT 12J 

PRINT 103, (NAI I) , I* I .NUNAC T ) 


•••«•! 1 1 

•'•tt'tfitti 

OMRtfia 

ftitOtflA 

etRtftiF 
0INi»9tlf 
99999119 
99999119 
90909911 
0999999 f 
99990993 
0990999 A 
00099919 
90090996 
00000997 
09990999 
00900999 
90000930 
00000931 
00000932 
00000933 
0000093A 
00000930 
00000236 
00000237 
00000238 
00000230 
00000240 
00000241 
00000242 
00000243 
00000244 
00000245 
00000246 
00000247 
00000248 
00000249 
00000250 
00000251 
00000252 
00000253 
00000254 
00000255 
00000256 
00000257 
00000258 
00000259 
00000260 
00000261 
/ VEL )**2 )/00000262 
00000263 
00000264 
00000265 
00000266 
00000267 
00000268 
00000269 


UUUUUU UUWU UUUU Ouu 
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PRINT 19««M.*liT 
VRITCI lui.ieri 

PNITEdUttlOIl tOPVUIt tNVI 
PRINT 10*4«PMINtCTA 
PRINT tIOtITNAX* |« 

1NC>0 

CUNPUTATION Of TNC ThAN%T QRRAT I ON MATNIX H RHlCH IXPRCifft 
THf OCPtrCTIv^ AN3 TalaT CP XHt SO PANCCNT CHORD PTIINT fOm THt 
VARIOUS MID ftPA.4 SIC T IONS OA THE CUNTROCSt I NTCMMt UP THE 
eCNPPAC UEO COOMUlNATt S. 

DO ^A0 

INC • INC ♦ 1 

OU ;a 0 S«ltNM 

HU t Jl >(/«( I » JIMCLM INC)/CTh-| .00)*/RI'P{ I • Jl-CUtI INC l/CTN* 
*ZNRF(2t J) »/OIRAN(iNCl 

HI uu J UU«I ( I U • J I-/W( !• J n/C TNANI IIX. I ?, JI-ZHFM I t Jl l/CIH 

JAO cnNIlNUb 

rURMATIUN ur NfW AMCAYti «Ht Nt At.C TMllN CUNIHTi HCLATC Tl> 

4CT1VI MAWAMfltHS cNCY. 

CAll X2KX(NV*NVAr r . X , XX.NA I 
CAtl X^XX(nV»NVACTiI »>S(E:PSAC T >NA I 
CALL X2XX(NV«NVALl»UMV*UNVACT«NAi 
CALL X2XXINV .NVAC T , XI , XI AC 1 tKA) 

CALI X2XXINV iNVACT « X2t X2AC1 .NA ) 
ir INVACT .Evi.Ol «UTi) JAl 
II INAL « 3 


fULlOmlNu oHI 1M| /AT ION jUUN(.ul|Nt CALL l<HuaLl) Uf HEPLArtJ 
HY A CALI Tu OUSPLT AMt N rjIKSIIlVlTY PLOTS API PEOU1 kCU« 


IMF 


2A I 


C 

c 

c 


I 00 
101 
1 5? 
10-T 
I OA 
1 }b 


CALL SOf P(NVAC1«»lACT.XX.X/A(.T,^^lN•L('bACT•tl/•iTAl•PHltl)LVACT. 
♦ UMAX , I A,f JNCTN«l»l'LCS.T . IFhP,NV*NA) 

CALL XX/X (NV ,NVAC1 , X , XX , NA I 
PklNI 1 14t II KW t I TMAX 
PKlNT lll.FUNTTN 

PPINIUUI oF optimal C^NlkCL jAINj, 

PL I N T 11/ 

PMINT lO/t(X| Jl , J=| ,NV) 

PP I N T US 
ClJNl INOf 

PMlNIilUT Qh UPTI TAI ijJST FE SPiJNat OF CUNIPOL^. 

IF INAL -1 

CALL SULuST I XX ,f UNC TM 
STOP 

FORMAT (4F 10. 0 ) 

FURMATIIP,* LFNCTm** ,F 1 J.t ) 

FORMAT I IP , Ah I A. M 


FORMAT ISISl 
FORMAT I / , IH 
FORMAT IIP.* 


.•NV-*,I^,* NPk**.I/.' NOR' 

WL = • .t I 3. 6 . • A I * • » F 1 3.6 » / ) 


I / . / ) 


•MMiri 
omooiTi 
omootfi 
f 3 

•••§•• f 4 
tPMttrt 

§#•••174 

•••••177 

••••••7a 

•••00179 

•••••••O 

eooaaiRt 

••••0f«3 

ooooet»4 

•••OOffSft 

oooootai 

OOOOOXCF 

oooooiaa 
oooooia«i 
ooe 00190 
000002V I 
00000192 
00000293 
00000294 
0000Q19S 
000002V6 
00000297 
000002VB 
00000299 
00000300 
00000301 
00000302 
00000303 
0000030A 
0000030S 
00000300 
00000307 
00000300 
00000309 
00000310 
00000311 
00000312 
00000313 
00000314 
OOOQ031S 
00000316 
00000317 
00000318 
00000319 
00000320 
00000321 
00000322 
00000323 
00000324 
00000325 
00000326 
00000327 
000003?e 


f 


n 
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107 PUIMATf • INiTlAU { 1N»*UTI vrCrtM 

IM FOMATflH *• XlUt XUI Xtft) 

lot fCNHIATf IPt/t • rTA«* «C1>.*»/I 

lie powiArc' iTMAxit* ( u,« 

111 PCMHIATUA** PUNCTIt*' ,CI3.A./I 


lit hUffHATUH *'O^T|tMJH VTCTUII X||)**/l #00003X4 

114 AOKMATIIM .» ie4M>',lt,» I TCRA* 1 UMO 0007 OMHeO« • . I X. / I OOOOiXXO 

115 70A«(ATi//) OOOOOSSO 

It* OOIMATI IP** fTAI** «CIX.O. • f»Hl« • *7 I J.Ot/l OOOOOXJ7 

lit rOAMATl* N0NACT>* • 12* ' HVACI* • « 1 2* / I OeOtOXXO 

120 OCMINATI* THO NON ACTIVE PARANETCAS NAIII*./) 00000X30 

123 EORMArU lOt 2010.01 00000X40 

130 EOANATI I0A4I 00000X41 

131 PORMATUH II9A4I 00000X42 

132 EORMATlOX.rC 10.4) 00000343 

13J 70RNATC OAST .7 4.2. 'U*' .70. I. 'CUNTNUL NU.'tIt.* H2* I 00000X44 

135 70RMATC IM.*i4« • .7 A.2./) 00000345 

140 FORMAT! ISA4 I 00000340 

FNO 00000347 

SUOROU r I N£ SUCCST! XX.7 UNCTN) 00000340 

CMPCICIl HCAi.«d( A-H.U>Z) 00000349 

CCCfCCCCCCCCCCCCCCCCCCCCCCCCCCCCCi.CCCCCCCtCcCCCCCCCCCCCCCCCCCCCCCCCCCCCC00000350 
; C000003SI 

THt M(!VPUN&L >17 THL CONTKUC OtFLCvTIUNS ANO/UR PATES ARE C00000302 

CAtCULATEO |N THIS SliOPOuTlNE (JSlNO THE VON KAPMAN OUST ‘>PECTMUM C00000303 

C0000030A 

CCCjf.CCCt CCCCCCCt CCCtCCCC wCCC.CCCCCCCf CCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCC000003S5 


00000329 
toil I M./IOOtOOXXO 

ooooexxi 

oooooxxt 

eooeoxx3 

00000X14 
) OOOOiXXO 

00000X30 
00000X37 
00000X30 
00000X39 
00000X40 
00000X41 
00000X42 
00000343 
I ) 00000X44 

00000345 
00000340 
00000347 
00000X40 
00000349 


tUMMON/COS»TFN/K( Jo ) .P;.0 ( ) J I > .CKL 7 . Xt i I 33) .U.Vfct .Hda.IO) . 

4RMA5S! 15.15) .UMroANi I 5 ) . *L . « T . XR ( | 0 J ) . Y ( I 03 ) t .OPMSf 5) .DPRMSfd) 
CUMMnN/(.tl5TFN/N7 T ,NV ACT , IF INAt .NJK.NA! 3b ) ,NV . L AOELX i I5.C) ) .NMNC. 

• NC ACT .N TKt b ) 

BEAL *4 XP.V.FPN 

COMMON/ AfcW7 /A0( 15.?2 ) . Al ( lb. 72) . A/C 15.2/ ) .A 31 15.22) .A4( 15,22) 
♦,A5( 15,22) .Ab( 15, ?2) 

CUMMH . / ICASE/H! A ) .NM, :«C .N^.Ni 

UlMCNSI )N XX( I ) , 2U( 10 . & ; ,P(t , 1 2. 15 ) .Ut 7 ( to 1 .b ) .|3EFP( 1 01 , b) , 

72( t 01 .4) .DfcFN?! I )1 „b) ,taUF I 1 0 J) 

4. I«K ( 15. 2 ). IPtVuT ( 15 ) .nP! b. 12 ) .N )(b> 

COMPLEX* lb f .HOC A ) .UN! bt 12 )*CM((. , 1 5 J .FC( 15. 15) .7 V.! I 5 ).T < 15.15) . 
♦H<6),AK,l>ETt«M,/CMU 

♦ ,AKB1, AXD2. AK83, AKOA ,FNC C 15.6) 

PI«J.t4l5v265AOO 

7*2D»180. 00/PI 

CALL XX2XCNV.NVACT, X.XX.NA ) 

NC2»2*NC 


CONTWl C NP.P, .Ul) ,NC ,I»B , NTt 


THE FQJATIUN5 OF MUtlCN Akt 
VALUES UF FPtajFNCICS. 


CCJN5IHU 


jUL VEO 


DC 200 JF«1 ,NF T 

AK*OCMPLXCO.DO,XFC JF )*LWC 7 /VtL ) 
F-DCMPLXC O.DO. XF ( JF ) ) 
2 FRO»OCMPLXC 0 .U 0 , 0 , 1 ) 0 ) 

F 2 'F*F 

AK23AK4AK 

AKBl >AK/ ( AKFUI 1 ) ) 

AKI32*AK/( AKFHC2) ) 


00000350 

000003S7 

00000358 

00030359 

00000360 

00000301 

90090302 

00000303 

00000304 

00000305 

00000366 

00000307 

00000308 

00000369 

00000370 

00000371 

00000372 

00090373 

00009374 

00000375 

00000370 

00000377 

00000378 

00000379 

00000380 

00000381 

00000382 

00000383 

90000384 

00000385 

00000386 

00090387 


n n n n f> o A 


AK.e3«AK/<AK4-eOI ) 
AK«4*AK/< AK-f m 4 M 
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THC TMANSrCNtMAT iUM HATk • K UM mPEN tiCNE RALI ZED COOIH>l*aTR« ANO 
CONTRCN. HUTATIUNS I A CONSTkUCrEJ kEXT. 

OO 30>} iBltNC 
NN>NO( I ) 

UOf I >BZCkO 
00 2S0 K«I,NN 

280 &D( I IbBOCI )+0O<Kt n*f » 

OU 300 JbI.NC? 
mt I . ji-zEko 
N<'»»NI9< I . J> 

03 320 KsItNN 

IMP<I. J*K).EQ«0.O3) GO TC 32 0 
BN< If J »*k<N( I , J »i-P( 1 , JtKJ*E**(K~l ) 

320 CONTINUE 

300 »N( I «3)»aN( I . J)/HO< I ) 
no 340 l*I.NC 
OU 340 JBitNM 
CM( 1 • J l-ZERU 
DO 34 0 K.»ltNC2 

340 CMC Ii3)«C4( l.J)4HN< ItK)4h(K.J) 

CONSTRUCTION ANO SCJLUIION Of- THE LUUATIONS LF MOTION 

DU 3ft0 I«liNM 
DO 3hJ J*ltNC 
NMJBNMf-J 

FNCC l.J)>-(A0( 1.NMJI4AI ( I iNMJ)4AK4'A2( I t NM 3 ) 4 AK2 4 A3 ( 1 «NM 3 I »AKiJ I F 
*A4( I »NM3 )*AKd2FA5( I . NM3 » * AKH IF AC ( I , NM3 ) 4AKU4 ) *0 
360 CONTINUE 

DO 361 I-I.NM 
DO 361 3*1 tNM 

FC< f »3 )*ZFkO 
DO 361 K«ltNC 

36 1 FC( I *31*FC( I t3»FFNC( I tKH>oM(K,3) 

DO 300 1*1 tNM 

FGI I »*-0*< I ./VfL) F( A0( X t NMNOFAI ( 1 tNMNC ) 4AKFA2I 1 . NMNC ) VAXaF 
FA3C { fNMNC 14AKB1 FA4 ( I t NMNC > * AKH2 F 
FA5( I fNMNC )4AI>.B3FA6( I .NMNC)4AKB4) 

380 CONTINUE 

DO 400 I*ltNM 
DO 395 3*1 fNM 

T( I f 3 )*RMASS( I f J ) 4F2FQ4( AO 1 1 # 3 ) FA M I t 3) 4AKFA21 1 i3 i 4AK2F 
FA31 I f3>*AKtll FA4( I t 3 } 4A»CU2FAb( I , 3) FAKBiFACl 1,3) 

F*AKH4)FFC( 1,3) 

395 CONTINUE 

T(lfI)*T(Itl )FWMASS( I f 1 )40MFuAN( I ) FOMEoANl 1)44 .D04P14PI 
♦ 4DCMPLX1 1.00,0. 0 ISl>3) 

400 CONTINUF 

CALL CXINVkI TfNM.FG, 1 , OETt PM , I P 1 VO T , 1 4K , 1 5 , I SC AL £ ) 

DO 420 l*l,NC 
R< i )*ZEHC 
DU 420 3*1, NM 

420 W< I )*R11 IFCMI I ,3 )4FG| 3 ) 

IF (NOH.EO. 1 .AND. IF INAL .EO.O ) GO TO 430 
DO 421 1*1, NC 


ooe»t)3«« 

M9003t9 

eoDOOMO 

O0#OO391 

00000392 

00000393 

00000394 

00000398 

00000396 

00000397 

00000390 

00000399 

00000400 

00000401 

OOOv.0402 

00000403 

00000404 

00000408 

00000406 

00000407 

00000406 

00000409 

00000410 

00000411 

00000412 

00000413 

00000414 

00000418 

00000416 

00000417 

00000416 

00000419 

00GS0420 

00000421 

00000422 

00000423 

00000424 

00000428 

00000426 

00000427 

00000426 

00000429 

00000430 

00000431 

00000432 

00000433 

00000434 

00000435 

00000436 

00000437 

00000438 

00000439 

00000440 

00000441 

00000442 

00000443 

00000444 

00000448 

00000446 




i 


n n A n 
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OCFf JF.I )>C0A8»(R| I »)*»aO 
4tl OeF2(JP*ll«t>lF( jr.n^EM JP,| ) 

430 IP(N0A.ea.0.A»«3.1MHAL.E0.0 I 00 TO 200 
UO 422 I>ttNC 
OEPROPt I )*CD4BS(R( I )4F »*»20 

422 DePR 2 C ^ *n-DerR(j# .n*ocrR(jp«i i 

200 CONTINUE 

IFINOR.EQ.l .AMO.IPINAL.EO.O) OO TO «40 
CJMFUTATION UP HMS RESPONSE OP CONTROC SURFACES 
DO 423 I«ltNC 

CALL 1NTOL3C NFT.KP .0LF2I 1 t I ) .AREA. PSD) 

423 0RMS( I >-OSORT(AREA> 

PUNCTN>ORMSI I ) 

IFI If INAL.EO.O) GO TO 400 
440 CONTINUE 

DU 424 l»t.NC 

CALL INTGLSINFTtXf *UEFR2( t tl )*AREA.PSU) 

424 ORRMSI I )«0SUKT( AREA ) 

FONCTN-OrtRNSI I I 

If < If INAL .£0.0) GO 1C 4S0 

PRINT AND PLOT OUTPUTS 

PRINT 100 
DO 42S t«t.NfT 

PRINT 1 lO.IXFI 1 )* (DRf ( I *J) tJ«l .NO .PSD I I )) 

426 CONTINUE 

PRINT I20.(DRHSU ) .I«l *NC) 

PRINT 12/ 

PRINT lot 
DO 426 I-l.NFT 

PRINT llO.IXfl I ).(DEfR( I • J ) . J* t «NC ) .PSD < I ) ) 

426 continue 

PRINT tai.IDRRMSI I ) .1*1 .NO 

PRINT 127 

PRINT 125 

DU 470 I»1.NFT 

DO 471 J«I*NC 

0EF2( 1 . J )«DCF2f 1 . J)*PSD< I > 

471 DEfR2( l.J)>^DEfR2( I.J)«PSO(l ) 

PRINT 1 lO.I Xf ( I ) . (DEP2I 1 . J ) . J-1 «NC) .PbDI I I ) 

470 CONTINUE 

PRINT 120. (DRMSI I ) • 1>I .NO 
PRINT 127 
PRINT 126 
00 427 l>l,NfT 

PRINT IIO.IXEI I ).(DEfH2l I .U) .J«I.NO .PSUU I) 

427 CUNT INOE 

PRINT 121 . (ORRMSI 1 ) .l^l *NC ) 

CALL PLOTSIBUF. 100.6.10. ) 

CALL SCALE(XR.6..NFT.l ) 

CALL PLOT! 10. .2.5.-J) 

DU 900 IP«1.NC 
DO 900 1R«1«2 

If ( IR.EQ. I . AND.URMSI IP) .EO. 0. JO) GU TO 900 
If I IR.E0.2. ANO.DRRMSI IP) .CQ.O.DJ) GU TC 90) 
IF(IR.E0.2) GO TO 910 


EMM447 

»0«««44B 

OOOOS44V 

OEOeSAEO 

eee«e4si 

SeOROASE 

•0000463 

00000484 

0000048S 

00000460 

00000467 

00000466 

03000469 

00000460 

00000461 

00000462 

00000463 

00000464 

00000463 

00000466 

00000467 

00000468 

00000469 

000J0470 

00000471 

00000472 

00000473 

00000474 

00000475 

00000476 

00000477 

0000047S 

00000479 

00000480 

00000481 

00000482 

00000483 

00000484 

00000485 

00000486 

00000487 

00000488 

00000489 

00000490 

00000491 

00000492 

00000493 

00000494 

00000495 

00000496 

00000497 

00000498 

00000499 

00000500 

00000501 

00000502 

00000503 

00000504 

OOOOOSCS 
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P&O* .l0.5.t90.tV(NP1fl ) . 


r<ATE PSO* tl«t»*«90*tVINFT»l 


tXi VOI liPsItMFT 
901 Yf I IP)aOeP2U IPf IP) 

PPM«ORMS<IP> 

00 TU 9S0 

910 CONTINUE 
DO 911 UP-l.NfT 

911 Vt IIP)«0ePP2( llPtlP) 

FPNaONKMi»( IP) 

950 CuNTlNvME 

CAI.L AX|!»C0.«0. tLAdELX ( 1 t I P ) • - )9 t 7 • « 0 . « XN ( NP T ♦ 1 1 1 XN ( NF T F2 ) > 

CALL SCALE! Y«5. fNTT.l ) 

IP(lR.ru.l) CALL AXlStO.fO.t'DFFLN 
♦V1NPT»2 ) ) 

lF(lH.Eg.2) CALL AX I i( 0 . • 0 . t ' OEPLN 
♦Y|NFT»2) ) 

CALL LlNf (XP.Y.NF T. US. 1 ) 

CALL t>Y>^UL( 5.5. 4. 7S • 0. 1 5 . I . 0 . » - I I 
CALL NUMHER(5.7S,4.6 7S.O. 1 5 .7 PN . 0. . .. ) 

CALL PLUTU5. .0. ,-J) 

900 CUNTiNUfe 

CALL PL 01 ( J. .0. .V )vl 
480 HETUPN 

100 ruRMAT(‘ X! ( I ) Uti-LN( I )...... . 

101 7URHATC XF(I) rUFLNttd). 

I I 0 F URMAT ( IP.tfr I J.M 

U’O FOWHATCIP.* UWM'j! I )- • ,bt 1 J.O,/) 

121 FL’RMATllP.* DRhMS( I )» • , F>f 13.0,/ ) 

125 FUHMATC XF ( I ) JE F LN2« 1 . 

12Ci FORMAT!' xF ( 1 ) OE F-L NR2 i 1 ) . . . . . 

127 FORMAT!//) 

END 

‘jUHRttll IKf C.USMLT(XX.XXl,AX/,JLLX,Jli,tM) 

IHPLUir RLAL*d!A-M,0-2) 

c ' " ' 

THIS SUMW^iUTlNt Ij NECL^sSARY UNL Y AHLN SfcNSlIlVlTY PLOTS ARE 
HfcOOlWCO AROUND OIVC.Y X!l) CONTHUL GAIN'i AND VARIED BFTWEFN 
XI ! I ) ANJ X2!I) IN STEPS OF tt’SIl). This SURHUUTINE REPLACES THE 
CALL lU sJEP sUHROUTINE. THL fOLLOAlNu sUBkCuTINt CALLS 
SUOWUUl INl PL T . DiiTFi i.F T HE SF' SullRUU 1 I NE S HAVE NL CARD 
DATA INPUlS. THE PLOT OUTPUT IS ALSi) PRINTED IN SUtlROUTINF PLT. 
ONLY ACTIVE X(I» ^AINj AHF PLUTIt-U. MAXIMUM (IF 34 INTERVAL 
VARIATIONS UF X!I) ARL ALICFED fUK. 


PSD! 1 » ' ,// ) 
PSD! I )• ,// » 


PsJ! I ) • ,//) 
PSD! ! )• ,//) 


C 

c 
c 
c 
c 
c 
c 

C 

c 

CQMMUN/COsTF N/X{ Jo) ,PSD ! 10 I ) ,C Rf F , xr ( I 0 J ) , U . VE L , M ( I 2 , 1 6 ) . 

♦ RMASS! I S. 15) ,OMt OAN( I 0 ) , AL . w T , XR U 0 1 ) . Y ( 1 0 J ) , AK 
A.DRMS! (») .DRRMS! e ) 

CUMMUN/CUaTFN/NFT .NVACT , IF I NAl .NDR.NAI Tt 1 ,NV,l AtlEL X! 15,6) ,NMNC , 
*NCACT ,NIE (6) 

XX< I ) , XX I ( 1 ) , XX2! I ) ,DtL X ( 1) ,D( 36,0) ,DR! JO.b ) . XP< J«.) 
UR , XP , XH , Y 


U 1 , NVAC T 


DI 

MENSI 

UN 

HE 

AL *4 


D, 

IS 

T 

AHT = 

0 


NC 

» 

Nt AC 

T 


DC. 


260 


U 

IS 

T 

ART a 

1 

ST 

NP 

X 

0 



XT 

s 

XX< I 

) 


XH 

s 

XX ( I 

) 



oooooeoi* 
0«999ft97 
eoonoMS 
09009599 
00000510 
00000511 
050005 19 
00000513 
00000514 
00000515 
90000610 
00000617 
00000615 
>,00000519 
00000520 
00000621 
90009522 
00000523 
00000624 
90000525 
00000526 
00000527 
00000528 
00000529 
00000530 
00000531 
00000532 
00000533 
00000534 
00000535 
00000536 
00000537 
00000538 
CC0000Q539 
C00000540 
C00000541 
C00000542 
C00000S43 
C00000544 
C00000545 
C00000546 
C00000547 
C00000548 
C00000549 
CC00000550 
00000551 
00000552 
00000553 
00000554 
00000555 
00000556 
00000557 
00000556 
00000559 
00000560 
00000561 
00000562 
00000563 
00000564 
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^ TU ISO 


T.XXKD) GO TU 2S0 


00 ISO K-t.34 

ir(XM.LT.xxicm 

XM«XM~<0«LX( I } 

ISO CI}»tTI^«Uf 
XX< I l>XM 
DO 2S0 K«t.34 

XXI 1 i-XX( I l♦oeLX(l I 
ipcxxi li.aT.xxaiD.uR.xxin. 

X^<KP)«XXC i ) 

CAUU SULGSTIXX.FUNCTN) 

DO 300 IC-ltNC 
D(NP«ICi>0RM8( ICI 
300 DF'iMP. 1C )*DRMMS( ICI 

250 CONT INUe 

xx< I )»xr 

DO 251 lC*ltNC 

CALL PlT < NV.NVAC T .NA.XP.Ut 1 . IC I t I t t t U .T M . 1 C . i S T AH T t NC ) 

ISTAPT«IbTAHT4-l 

CALL PLTCNV .NVACT ,NA, XP.UK (1 . Id .l>*Pt 1 .2 tattM, f« , 1ST AHT.NC I 

251 CONTINUf 
260 CONTINUE 

CALL PLOT ( 1 0 .0 , 0. ,99 ^ I 

HE TUHN 

END 

SUBROUTINE PLT I NV . NV AC T .NA • X , Y , NP , I PL T .K.UOP.EMOP, IC, I START. NCI 
REAL*6 UUP.LMOP 


•#000 86S 
•OOOOS## 
000000*7 

oooeeo«o 

eoeooo## 

OOOOOS70 

eoooe#7i 

00000078 

00000073 

00000074 

00000070 

00000876 

00000577 

00000070 

00000079 

00000500 

00000801 

00000002 

00000803 

00000804 

00000505 

00000806 

00000507 

00000500 

00030569 

00C00590 

00000591 


CCCCCCa CCCCC(-CCCCCCLCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCC00000692 


c 

c 

c 

c 

c 


THIS SUtlHUUTINE IS CALLED BY SUBROUTINE OUSPL T ANO IT DOES THE 
ACTUAL PLUTTING AND PWINTING. PuH FURTHER DF TAILS SEE SUBROUTINE 
GUSPL T . 


C00000593 

C00000594 

C00000S95 

C00000S96 

C00000597 


CCCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC00000590 



DIMENSION NA( 1 I .X( 1 ). Y( 1 ). LABEL X ( 1 5 ), LABEL V ( 3I.BUF< 100) 

00000599 


IF ( ISTART.EQ. 1 I CALL PLOT S ( HUF , 1 J 3 , 6 . 1 0 . 3 ) 

00000600 


U*QDP 

00000601 


FM-EMDP 

00000602 


YMX»Y( 1 ) 

00000603 


DO 15 1=2, NP 

00000604 

15 

IF ( Yl I I ,GT .YMX) YMX-Ytl) 

00000605 


IF( YMX.tQ.O.UO) 9CTUHN 

00000606 


NY* 12 

00000607 


NX* J6 

00000608 


IF INV.tQ.NVACn iNDFArlPLI 

00000609 


IF ( NV.EQ.NVACT) GU TU T 

00000610 


1 I* 1 

0000061 I 


INDNAC*0 

00000612 


DO 10 I*1,NV 

00000613 


IF( l.NE.NAt I 1 I I GU TU 2 

00000614 


INONAC»INONAC'M 

00000615 


IF( 1NUNAC.lt. (NV-NVACTJ ) li^Iltl 

00000616 

2 

IACTIV=I-INUNAC 

00000617 


IF ( IACT IV.EQ. IPL T ) INDFX=I 

00000618 


IF( lACT I V.FQ. IPLI I uU TU 3 

00000619 

1 0 

CONTINUE 

00000620 

i 

CONTINUE 

00000621 


REWIND 13 

00000622 


WHI TE( 1 3 , 100) INDtX.EM.U 

00000623 


r 


u u u u u 


im 


ir (K.eo.u 

ll>(K«eQ.S> 
RewlMO 13 
nEAO(i3tiaoi 
M£AOU3« 1231 
N*tX«<-NX 

IM ISTART.EU. t ) 
CALL 
CALL 


WRI rEl 13* 121 ) 1C 
WRITEI 13«123> 1C 

(LAeLLX(J)*J*l*V| 

LABELV 


CALL 


100 

121 

123 

102 

120 


RLnTU0.t2.6*-3) 

»CALC( Xt6.*NRt 1 > 

SCALE! V.e**NR* 1 1 
CALL AXISIO. tO. .LAbELX«NNX.7..0.tX(NR«-l 1 tX(NP«-2l ) 
PRINT 120*LABCLX 
PRINT 102t<XlJ)*J«ltNPl 
PRINT laOtLABELY 
PRINT 102* ( Y< J) . J«1 tNPI 

CALL AXIS10..0. iLABELYtNY.S. •<J0.«Y(NP>1 1 .YtNP^al 1 
CALL LINECX.Y.NP. I , 1* 1 I 
CALL PLUTCIS, .0. .-3) 

RETURN 

FURMATI • VAR. X( • . 12. • 1.DAS1 M* • . F A. 2 . • D YN.PHEbS» • »F5. 1 1 

FURHATl 'ORHSl • • I 1.' 1 PSD*) 

FORMAT ( 'OHHMSi •, 1 1, • ) PSD*) 

FCJRMATCAElA.b) 

FORMAT! ISAA) 

END 

SUBHOU I I NE CONT RL t NP . P . ND . 00 . NC , WR . NT E . X ) 


od#»«4a« 

OMOeMT 

00«»»«2S 

O0O»O«2«I 

ooeo»« 3 t 

OOOOOSJIt 

OR000633 

0(N>0«634 

0(1000638 

00000616 

00000637 

00000638 

00000639 

000006A0 

00000641 

00000642 

00000643 

00000644 

0000064S 

00000646 

00000647 

00000648 

00000649 


CCCCCCCCCCCCCC(.CCCCCCCCtCCCCCCCLCCCcCt.CCCCCrCCCCCCCCCCCCCCCCCCCCCLCCCCCC000006S0 


C 

c 

c 

c 

c 

c 

c 


L.O.T.T.T. CONTROL LAiK FOR ANY NUMBER OF CONTROL SURFACES. CAN 
BF USED FJf; BOTH FLUTTER AND OUST PROGRAMS. THE BASIC GAINS 
USED HEREIN ARE APPROPRIATE FOR 20 PERCENT L.E. AND 20 PERCENT 
T.E. CONTROL SYSTEMS n I TH THE FURF SENSOR LOCATED AT THE 30 
PERCENT CMURU LOCATION - OIMENSIUNS ARC LIMITED TO 6 CONTROLS. 


C000006S1 

C00000652 

C000006B3 

C00000664 

C000006S5 

C000006S6 

C000006S7 


CCCCCCCCCCCCCtCCCCCCCCCCCCCCCCt CCCC<.CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC00000668 


IMPLICIT HEAL48(A-M.u”7) 

DIMENSION NP( 6*1 ) tP(6. 12 *I ) .U0( 10. I ) «E(2.2) . NTE( 6 1 . X < 36 ) . CN( 3 > . 
*CDI (31 «CD2( J ) .TFMPt ( 5) . TcMP2(S) .ND( 6) 

E( I . 1 )*-4.D0 
E( 1 .2I>4.D0 
E(2. 1 t«4.D0 
E{ 2.2 )s2.800 
C21*-l . SCDO 
NC2*24NC 
DO I l«l«NC 
DO I JBI.NC? 

NP( I . Jl«l 
DO I K«I.IO 
P( I . J.K)>O.DO 
. CONTINUF 

DU 2 1*1 .NC • 


CASE OF 1 .E. 


CONTROL 


EH*E(2. I ) 
EA«E(2,2) 
IF(NTE( I l.EQ.l ) 


GO TO 3 


CASE OF L.E. CONTROL 


00000699 

00000660 

00000661 

00000662 

00000663 

00000664 

00000665 

00000666 

00000667 

ry000066B 

00000669 

30000670 

00000671 

30000672 

0v3000673 

00OCO674 

00000675 

00000676 

00000677 

00000678 

00000679 

00000680 

00000681 

00000682 


u u u u u u 
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EH«i ( I , t » 

CA«e( 1 (2) 

COMTlNUe 
CHI 1 )«0.00 
CN(t)«0.D0 

OCTCRMINATION OP THF. OCNOMINATUR POLYHOMIAL EQR EACH CONTROi. tURI* 

com 

C0K2)a2.00AX(C>*l~4)*X(6*l-3) 

C01(3»-t.00 

C02< I >«X(041-I }**d 

C02(2)«2,t)0*X(6«l~t )*X<6»1 ) 

C02( J)st.U3 

CALL PRUPCR.<CUI t J tC02t J*UO( 1 • O tNO( I ) ) 


OCrERMINATlUN UP THC NUHERATOH POLYNOMIAL PU« EACH CUNTfiUL 
CN(3)«X(641-5> 

CALL P«OPOLCCD2.3tLN. J. TEMPI tN) 

CN(3)>X(641-2) 

CALL PKUPOL < CDl t jf CNt J. TPMP2.N) 

DO 4 K»l,N 

P( I .24I-1 tK >*EH*I ItMPl (K)«^TEMP2<X) ) 

PI I .2* ItX )*rA*( TEMPI (K ) »Tt MP2( X) ) tC 2 lANTTI I ) 4UO ( K t I) 

CONTINUE 

NPI I i2*l-ll*N 

NP( 1,2*1 )sN 

CONTINUC 

Hfc TURN 

END 

SUSRUUTlNr CUNTRl ( NP , P , NO , QO , NC , ».R , NTF , X) 


O094I0MJ 
OOOaOi)S4 
oaae#Ata 
oeooMM 
000ft#A«7 

OOOO0i«9 
00000090 
00000091 
00000092 
00000093 
00000094 
00000090 
00000090 
00000097 
00000090 
00000099 
SU-RFACE00000700 
00000701 
00000702 
00000703 
00000704 
00000705 
00000706 
00000707 
00000700 
00000709 
00000710 
0000071 1 
00000712 
00000713 
00000714 
00000715 


CC.CCvCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCf.CC00000716 


C 

c 

c 

c 

c 

c 

c 


D.T.T.F. CUNTRUL LA4 FUR ANY NUMtiER UF CLNTRUL SURFACES. CAN 
BE USED FuR HOTH FLUTTER AM> CUST PPO<.RAMS. THE BASIC GAINS 
USED herein are APPkLPIUATE r or 20 F*ERCENT L.E. AND 20 PERCENT 
T.F. CONTRUL SYSTEMS *ITH THE fURF SENSOR LUCATCD AT THE 30 
PERCENT CHORD LOCATION - DIMENSIONS ARE LIMITED TO fc CONTROLS. 


C0000071 7 
C000007IO 
CQ0000719 
C00000720 
C0000072I 
C00000722 
C00000723 


CCCCCtCCCCtCCCCCCCCCCCCCcCCCCCCCCc.CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCCCC00000724 


IMPL It I T 
UlMENSIUN 
£11.1) »-4 
E( I , 2 )= 4 .D 0 
EI 2 .il > 4.00 
F( 2 , 2 )=J. 2 D 0 
C 2 I>-I .8000 
A> 10003 .DT 
NC 2 > 2 *NC 
DO 1 I *I ,NC . 

DU I J»l,NC2 
NPI I , J I 
DO I K > i , 2 
P( I . J.KMO.OO 
CONT INUE 
DO 2 I«l,NC 
PCI, 2*1-1, I)>0. DO 


RE AL*8( A-H,0-2 I 
NP ( f. , 1 ) , P I O , I 2 , t > 
DU 


ODl 1 J, I I ,E I 2 ,2) ,NTE (b) ,X( 36) ,N0(6) 


00000725 

00000726 

00000727 

00000728 

00000729 

00000730 

00000731 

00000732 

00000733 

00000734 

00000735 

00000736 

00000737 

00000730 

00000739 

00000740 

00000741 


n n o n n ft 


110 


PCl.a*I.U«A*C*l*NTtU I 
C 

C CAML OP T.E. CON 1 M 04 . 

C 

kH«C(2« 1 ) 

EAaC(2t2) 

lP(MTi.m.EQ.I ) &U TU J 
C 

C CASE UP L.E. CUNTMUL 
C 

EH>EU 1 1 ) 

EA«E( I . 2 ) 

3 CONTINUE 

OETEKNINAIION UJ TMC NUMTNATUK 

P( I.^* I-I t2 »»A*Fb*X( I )/l*H 
P( i .i2«l •ZlaA'PEAAXl I )/liH 


•#000742 

00000743 

00000744 

00000740 

00000740 

00000747 

00000740 

00000740 

00000700 

00000761 

00000702 

00000703 

000007S4 

00000700 

PUCVNUHIAL FON CACH CUNTROl. SURF ACE00000700 

00000707 

OOOOQTOa 

00000709 

00000700 




OETERHiNATlON ('F THE UENUMINATUH PUIYNOMIAL 

FOH EACH CONTROL SURF .00000761 

00000762 

QD( I . n>A 

00000763 

QD(2« I >»l.U J 

00000764 

NP( I .2*1-1 »*2 

00000765 

NP( 1 .2*1 )>2 

00000766 

NO ( 1 ) « 2 

00000767 

CUNT INUt 

00000768 

RETURN 

00000769 

END 

00000770 

SUHHOUIINE Fll 

00000771 

IMPLICIT HE AL*S< A-H.o-2 » 

00000772 


CCCCCCCCCCCCCCCCCv CCCC f t.cccr CCCu Ccf.CCCH.^.CtCl.CCCCCt H.CCCCCCCCCCI.CCCCCCCC0000077 3 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


TITb THE AtRU cut FF IC ITNTb It. TEKMb UF PAOt APPHuX I RANT i. U'jlNii 
LEAST SQUARE TECHNIQUE. 

NAMEL IST/FI 

NK - NUMUER OF WEOUCEO FhFUUtNClLS X USED FUR I N Tl. HPUl A T I UN 

AK - AkRAY containing THE K VAlUlS(..'i) MA » ) - (FIPST FifDJCtO K 
MUST rtf EQUAL TU /I HU ) 

MAXNK - MAX VAL UF UF NK(MAX ^^-u0 IN PWLSENT PHcGHAM) 

NPHINT - 0 NL I»HINTEE'> UUTHUI FKUM SJDHUUIINE TIT. 

- 1 PRINTT.) OUTPUT is A V A It Aia t ( F CH UtMUUolNu PURHUSESI 

NF'ONCH - 0 NU PUNCHt U UUTPUl tH.jM sUriKUUTlNL tIT 

- 1 PUNCHEJ UUTPUH IMl HPUl AT ION COCFF U It NI S I . 

lHI«iO.JHi«IO - CUH\/E F I T 1 INo(*i I I M NU EtAST SQUAHti TFCHNIQUti 
tP THE F IHST IRIGIO HUtkS AN3 JHlUlU COLUMNS UF AFHU MAThIX - 
VSSUMErt TU CUNTAI.'t HloIO rtUDV ALHo - TO IMPHCVE RESULTS. 

RLAOI2. i AtfUtl.J.Ki f CFMAT(2LIS.S> 


C00000774 

C0000077S 

C00000776 

C00000777 

C0000077B 

C00000779 

C00000700 

C0000076! 

C00000702 

C0000070J 

C00000784 

C00000785 

C00000786 

C00000787 

C00000786 

C00000789 

C00000790 

C0000079I 

C00000792 

C00000793 

C00000794 

C00000795 

C00000796 

C00000797 


CCCCLlLLi:CCCCCLCCLtCLLCLtLLCLCtCCCCtLCCLCLLClLLCLlvLtCtCCCCCCCCfCCtCCCCC00000798 


UUMMuN/AtHF / AO ( I S , 22 ) . A I { I S , 2 2 > . A 2 ( I fi ,2 2 ) , A H 1 *• , ,? 2 ) , A 4 ( I S . 2 ? > , 00000799 

♦ A5< lS,22i.Af.( 1S.22) 00000800 


uy 


'VA. 


.ila 


u U u 


c 

c 

c 

c 


111 

CUMHOM/lCAtfe/t»l 41 iNM .HC • NO t NL. 

CUMP1.CX414 AFKUU8*<?2.20) .CC«-.F 

01 MANSION AA(aO) •AX2(2J)*X(40«O)tXT(6t40)*YI«0)>XTXf 6t6>* 
*XTV(6I «&(6) «L.L.R( 4>23t tCLKA J> 

NAMEL. I ST/FT /f*K • AK » «IA XN\ • I NT « N»HJAiCH 1 1 K 1 01 O « JRl G I O 

RCAO(S«FT ) 

WilTClo.FT) 

MAXNK2»-24MAXNK 
NMNC*NH4-l4CFNa 
00 I NWI.NK 
AK2(K)«AK( K)*AK( K) 
tXj 1 J«t.NNNC 
OO 1 

MEA0(2.20t) AtkC(lfJfK) 

I CONTlNiJE 

DU S KltNL 

B2>M( I )4d( i ) 

OU S K«liNK 

CL.H( I*K.)>AK2<K)/(u2fAK2(K) ) 

CLl ( I I )4AK(K)/(rt2>AK2<i<.> I 

5 CONTINUE 

IF (AK( I ).NE. J.DO ) PHINT 100 
IF IAK( n .Nt.O.DO ) STl-J 

DETFFMIwAT lUN IF THf I NT ROLL A 1 1 UN LEAST SQUANF MATRIX XTX AND 
THE KNOVkN ALWO VtCfUR XTY 


DU 2 I = I t NM 
DO 2 J*-l,NMNC 

IF ( I ,UT , IkIG ID. UR. J. oT . JR luID) jU TJ 7 
NKT»NK 

NK« ( J+NL I/2+I 
7 CUNTlNUt 


DU 


3 

X*2.NK 


X( 

2 

*K-J» 1 )>0.D0 


x< 

2 

*K- 

-2. 1 ) J^AXIK ) 


x< 

2 

*K- 

- 3 , 2 »*-Ak 2 ( 

X) 

X( 

2 

*K-2,2)*0.D0 


V( 

2 

♦ X - 

- 3 )=DKt AL ( ALrU{ I . J . O- At RU( 1 . J . 1 ) ) 

Y( 

2 

*K- 

-2)*UAIMAo( 

AERuII.JtX) ) 

DU 


3 

L=1 . NL 


X( 

2 

♦ X- 

-3,2FL)»CLR 

(L»N) 

X( 

2 

♦K-2.2+L)=CLI 

(L ,K ) 


3 CUNTINUF 
NRUFS^a^INK.-! ) 

NCOL S*2 + NL 

IFiNHOW i.L r .NU.LS) i’kINT 110 
IF (NRUWS.lt .KCULS) STUP 
DL 4 IRsl.NRUWS 
DO 4 JR *1, NCOL b 
XT ( JK, IR ) = X( IH, JR ) 

4 CONTINUE 

CALL MXPHUDIXT , X , X T X , NLLLS . NRU W a , NCOL S . f> . MAXNK2 . 6 ) 
CALL MXPRUUl XT , V, XT V.. NCOL ‘i.NF UWS. I .6.MAXNK2.6 ) 


SOLUTION FOR THl 


UNKNOWN IN IFt PULATILN COEFFICIENTS 


CALL MXlNVk(NCULS.0,6,XTX) 

CALL MXPRODI XI X . XT Y . j . NC OL b . NCOL & . t .o.C .6) 


oooooaol 
ooooe»oa 
oeooet03 
00900«04 
OO0OO8OS 
OOOOO00A 
90090807 
00000808 
00000800 
OMOOOIO 
0000081 1 
00000812 
00000813 
00000814 
00000819 
00000816 
00000817 
00000818 
oooooaiv 
00000820 
00000821 
00000822 
00000823 
C0000G924 
0000082S 
00000626 
30000827 
00000828 
00000829 
00000830 
00000831 
00000632 
00000833 
00000834 
00000635 
00000836 
00000837 
00000838 
00000839 
00000640 
00000641 
00000842 
00000843 
00000844 
00000845 
00000846 
00000847 
00000848 
00000849 
00000850 
00000851 
00000852 
09000853 
00000854 
00000855 
00000856 
00000857 
00000858 
00000659 


u u u 


112 


10 


d 

2 

20 0 
2t0 
600 
700 


AO< l*J)<*AC»Of i.J.I ) 

All It 

All JtJ)>SO> 
lPINLtLT.2) 

AAllt J)«S(A) 
ll■|NL.LT .J) 

ASI It J)a$<S) 
iMM..L.TtA) 

A6lltJ)«S(6) 

CONTINUE 

If I 1 tCCtlKlGlUtAMOk J.LE. J(<IUlO> 
WINTEO ANO/UW PUNCHED OUTPUTS 


NKbNKT 


IFINPHINT.NE.I. ANU.NPUNCH.nl. 11 OU TC 2 
IF ( NPUNCH.nE. U Uu TO U 

PUNCH 600.I.JtA0(I,J»,(S(JJ ) . J J* 1 . NCOt S 1 
CUNTINUk 

1F< NPWINT.NE .1 1 UU lU 2 
PRINT 700. I . J 

PRINT 20).A0( I . J),( S( JJ), JJ*I ,NCUL j) 

DU a IA=1,NK 

CUFF »UCMPLX{ O.UO ,U.O 0 ) 

OU 6 IlsltNL 

cucr «CUCk kSCikl I )*OCMPLX(tl.M il.lK).CLl(II.lKj) 

CONTINUE 

COfcF JEf tAt Wt.t I . J, I Its! n ♦UCM^'l X( 0.00. AK, { IK ) .i2)*AK2l Ik ) 

OUOTR BUREAU ( AE R 0( 1 , J , I K 1 ) 

UUU TlrUAiMAGiALRCII.J.lK)) 

IF ( QUUlH.t U. O.DO J out; TP* I .0-2 0 

IF ( UUUT I .t_U .0 .UO ) QUO! 1= 1 .0-20 

FRK-DWf At (AFRIX I ,J, 1K)-CLI> ) ♦ I ') ), )0/uUOTM 

LHI=UAIMAj(AtKU(I.J,IK)-tUtf )♦! TO.OO/UUCT I 

PR INT 2 10. i «J. IK.AKI IK) .AERU( I . J.Ik) .COFF.LHk.FHI 

CONTINUE 

continue • 

FOHMATIIOX* CUEFF * •Mtl2.4) 

FORMAT ( 2 X. 3 I 5. AX. 7F 12. 4) 

FURMAT(2X,212.2X.7tl0.4) 


AE RUl OEF MODE = 


12,* PHC:i MUUt = *1. 


• ) •/) 


ODOD0MI 

e#0I»0M3 


&0 

TU 

10 

OOOOtMA 




00088888 

uU 

TO 

10 

00000844 




00000047 

GU 

TG 

10 

00000048 


FKhUUKNCY MUST HE COUAL TU 2fcRO»/l 
lt.UATIUN:3 THAN UNKNOUNb'./l 


, X , X X , N X ) 


FOKMAt ( 20X* 

RETURN 

100 FORMAT!* f IRST MEUUCrID 
110 FORMAT! • THERE ARE LE it. 

201 FURMAT(2E Ib.S) 

END 

SuaROUTlNF. X2XX ( NV , NVAC T 
IMPLICIT RLAL*a 1A-H.U-2J 

CCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCf CCCCCCCCuct CCt CCCCtCCCCCCCCcCCCCCC 

c 

THIS iUURUUTlNE HEJUCtS THE x!I) ARRAY iNlil AN XXII) ARRAY 
ItHFRt THE NUN ACTIVE PARAMETERS INV-NVACT) HAVE dEEN ELlMINATtU.. 
THE PUSITIJN UF these NON ACTIVE PARAMETERS ALUNj THE X ARRAY 
IS GIVEN (3Y IHE NA ! I ) AFKAY. 


OO0OO169 
000 DO 8 70 
00000871 
00000872 
00000873 
00000874 
00000878 
00000878 
00000877 
00000878 
00000879 
00000880 
0000088! 
00000882 
00000883 
00000884 
00000085 
00000888 
00000887 
00000888 
00000889 
00000890 
oooooavt 

00000892 
00000893 
00000894 
00000895 
00000898 
00000897 
00000898 
30000899 
00000900 
00000901 
00000902 
00000903 
00000904 
00000905 
00000906 
00000907 
CCCC00000908 
C00000909 
rooooo9io 
C000009I I 
C00000912 
C00000913 
C00000914 


CCCCCCCCCCCCCCCCCCCCCCCt CCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCcCCCCCCCCCC0000 091 5 
UIMENSIJN X! 1 ) . XX! I ) ,NA! I ) 00000916 

NUNACT sNV-NV AC T 00000917 

NCOUNT=0 00000918 


u u u u 


U3 



DO 100 laUNV 

00000919 


IFlMONACT.eo.NCOUNT 1 <*U To 115 

0000092 • 


DO 110 JaltNWHACT 

00 » 0 e 98 l 


IBI 1 .Mr.NAl JM OC TU 110 

OOOOOftf 


MC 04 JMT > NCUUN T 4 1 

00000913 


80 TO 100 

00000924 

110 

CONTINUE 

00000918 

US 

XXI l-NCOUNT)«Xt 1 1 

00000926 

100 

CONTINUE 

eo«eo 927 


RE TUHN 

0000 » 4 a 8 


PNO 

OOOOOV 29 


SLMIROUTINL XX 2 X 1 NV.NVACT.X.KX.NAI 

00009430 


IMPLICIT mEAL *8 <A-m,u-Z 1 

00000931 


CCCCCCCCCCCCCCCCCCCCCtCC<.CCCcCCCCCCCCtCCCCC«.tCCCCCCCCtCCCCCCCCCCCCCCCCCCOOOOO« 3 » 


c 

c 

c 

c 

c 


THIS bU&RUUTllHiC hChTORCS THf X(ll AMhAV USlNb THb RCUUCeO 
ARRAY AND THf INillAL VALUCb LiP TtrtJSrt X« I > • » THAT ARE NOT 
ACTIVE. IMIS IS UR INVERSE RROCtSS Or SUBROUTINE XEKX. 


XX( 1 ) 


C0»OO»«3J 

COOO0O934 

C000009i« 

C0OOOO93* 

C00000937 


CCCCCCCCCCCCCCCCCtCCCCCCCtCCCtCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOOV 3 i 
DIMENSION X ( 1 I .XX{ I ) .NA ( 1 I 00000939 

NONAC T»NV-NVAC T 00000940 

NCOUNT *0 00000941 

iX) lUO I»l.NV 00000942 

IP (NONAt T. 5 Q.NCUUNT ) TO IIS 00000943 

00000044 

TU ItO 00000948 

00000946 


DU I 10 J> 1 . NONAC T 
U ( 1 .NE .NA( J 1 I uC 
NCOUNT^NCUUNT* 1 


QO TO 100 
110 CUNT INUE 
lib X( I ) »XX| l-NCUUNT 1 
100 CUNT INUfc 
RE TURN 
END 

SUORUUT INL CHXPR JlC.A.U.MA.NJA.NJd) 
IMPLICIT real *6 (A-H.n-Zl 


00000947 

00000948 

00000949 

00 O 009 S 0 

00000951 

00000952 

00000953 

00000954 


^CCCCCCCCCCCLCCCCCCCCCCCCCCCCCt CtCCcCCCcLCCCCLLCCC(.CCCCCLCCCCCCCCCCCCCC 000009 B 5 

C 0000095 (V 

COMPLEX MATRIX PRODUCT C*A*ri C 00000957 

C 0000095 S 

CCCCCLCCCCCCCCtCCCCC.CCCCCCCCCCCtCCl t C< CCCoCH-Ct CCCLCCCCtt CCCUCCCCCCCCCCC 00000959 

COMPLtX »10 AiNIA.NjAl.HlNjA.NJMl .L(NIA.NJO) 00000960 

DO too l«l«NIA 00000961 

DO 100 J« 1 .NJH 00000962 

C< I . J » »DLMPL X< 0 .D J. 0 .D 31 00000963 

DO 100 Kal.NJA 00000964 

100 C( I . J)aCl 1 . Jl^AT 00000966 

RETURN 00000966 

END 00000967 

SUdRUUT I CMXAOUl C.A.D.M .WJ ) 00000968 

IMPLICIT REAL*a (A-M.U-Z) 00000969 

CCCCCCCCCCCCCCCCCtCC<.LCCCCCCCCCCCLCCCcCCCCtCCCCCtCCCCCCCCCCCCCCCCCCCCCCC 000 a 0970 
c C 00000971 

C COMPLEX MATRIX ADDITION C«A^ti C 00000972 

C C 00000973 

CCCCCCtCCCCCCCCCCCCCtCCCCCCCtCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 00000974 
C 0 MPLfX*l 6 A(N I .N J ) .b(N I .NJ I .C (NI .N J ) 00000975 

DO 100 1 = 1 .Nl 00000976 

DO 103 J* 1 .NJ 00000977 


U u u u 
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too 


•MM*?* 




I.JI 

«ITUMN 
■MO 

•OUHOUTINI INrM.S(NhtK.ViA.lk) 

IMfH.IClT RgAl.*» lA-H.O-ZI 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCXCCCCCCCCCCCCCCCCCCCCCCC» W t»M 

c»«»«o#a4 

IMTEMATiON V*« VS. X CUAVf USINS THE TilAn;^|OAI. ftULI. C»*»S««SS 

V.« ANO X AHE AtIflAVS ttITH N StEMeNTS. THE A«tA IS CMMOTIO SV A CSSSSO^SS 

C00S0SSS7 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC0S0e04»SS 
OIMFNSIUN X( I I .Vll I tWl 1 ) O0OOOSS# 

A«O.DO oooeosso 

0OSO0991 

OU 1 l»t.N 00#as«9t 

I A«A4( Yf I )AX( i !♦¥( !♦! )*N( !♦! M*(X| 14-1 )-X( I n 00000993 

AkO.OOO*A 00000994 

RETURN 00000998 

END 00000990 

SUOROUriNE SUEPIN.XI »XU« X? .TMi N . EPS .ET A . ET At . PHI. DRV t ITMAX. Itf .PO 00000997 
4.CVAL.1ENH.NV.NA) 00000998 

IMPLICIT REM. 48 (A-H.O-2) 00000999 

CCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOIOOO 


c 

c 

c 

c 

c 

c 

c 

c 


MINIMI2AT1UN SUBROUTINE BAbEO ON THE bTF4AHT*S ADAPTATION OP 
THE OAVIUUN-PLbTCHEH-PUWELL ALGuRiTHM. A VARIATION HAD BEEN 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


INCORPOHATEu HLHFIN TO PbHMIT THE CCNbTRAiNT 
VARIABLES WITHIN A SPtCIPlEO LOWER AND UPPER 

N - NUMBER OF INOEPENOENT VAKlAHLHS. 


LF THE INOEPENOENT 
QUUNOS. 


C 

XI u I - DENOTES 

THE 

c 

c 

XU( I » - OENuTES 

THF 

c 

c 

X2( I » - DENOTES 

THE 


LOWEST DUUNO uF THE I-TH INOCPENOENT 


INITIAL VALUE UF THE I-TH 


UPPFK HOUND OF THE I-TH 


FMIN - INPUT APPROXIMATION TO THE FUNCTION MINIMUM. 

EPSII) - INPUT ARRAY CONTAIMNU THE DESIRED ADSDLUTF ACCURACY 
OF THE INDEPENOLNT VARIABLES. 

ETA - INPUT PARAMETER CONTAINING AN tSTIMATF uF THE RELATIVE 
ACCURACY JF THE FUNCTION EVAluATIONS WHICH ARC USED TO DETERMINE 
THE TYPE OF DIFFERENCE APPROXIMATION TO THE GRADIENT lABSULUTE 
ACCURACY-FUNCT I0N4ETA ) 


ETAl - RELATIVE ACCURACY of CUMPUTERIUN 
“5.E-13I. ABSOLUTE AC C UR AC Y» X4E T A I . 


PHI - RELATIVE Sl/L OF ‘SUCTION £UNt • WlTHlN WHICH THE UPTlMl/EO 
FREE PARAMETER. IS SUCKED TO THE CONSTRAINT TO AVOID FALSE 
CONVERGENCE. AbSULUTF S I ZF UF ZilNt~«X 1 f 1 ) 4PH I oR X2II)4PHI 
DEPENOING ON WHETHER NEAR LLwtP OR UPPER CONSTRAINTS. 


DRV - A UNF 
CONTAINING 


OIMFNilUNAL 
INITIAL STEP 


INPUT ARRAY OF AT LEAST LENGTH N 

SIZES for difference approximations 


TO THE gradient. 


COOOOIOOl 
COOOOIOOS 
C0OOCIOO3 
C00001004 
COOOOIOOS 
C00001006 
C00001007 
COOOOIOOS 
VARIABLEC00001009 
COOOOtOlO 

INDEPENDENT V AR 1 ABLCOOOO I 0 t I 

C00001012 

INDEPENDENT VARIABLE C0000I0I3 

C0000I014 
COOOOIOIS 

cooootoie 

COOOOtOI 7 

cooooioia 

C000010I9 
C0000IO2O 
C0000I02I 
COOOOI022 
C00001023 
C00001024 
C0000I02S 
C00001026 
C00001027 
C0000102S 
C00001029 
C0000I030 
C0000I03I 
C00001032 
C00001033 
C00001034 
C0000103S 
C00001036 


l.B.M. DOUULE PRECISION 


n ft o 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


US » 

» 

ITNAX • AN IMPUT/miTNUT INTIMUI. ON INPUTtlTIIAA COMTAIM TMI C«»#tlAi7 
MAXIMyM AIXOMAM.! HUmmU or orriNIZATlON ITHIATIOMi. OM OUTPUT* C0««fl«4« 
ITNAX CCmTAIMS THt MUtlMM OP ITffPATIONO UMIO* CAOO«tA$« 

C90«tl«4t 

i« - AM IMPUr iNTfOCP COOP POM PMINTIIM OUMINS COMPUTATION* COPMIOil 

> 0 NO PRINTINS MXCfPT POM MLICTKO MtMtTS OUMIMW IA<N I TEIIATMCe««Oie4t 

- t PMINT MAOIMNT VCCTCM *ANO PlftCTlON VALUt MPOMl AND APTKM C»0001»43 
CACH L.INXAM NtNlMlZATION* 

- a IN AOOlTICm TO THl ASOrVC.PMlNT PUNCTIQN VALUIS CAtCUCATCO 
tHNUNO THE CUUMHE OP LIMAM NININIZATION* 

> 3 IN ADDITION TO THl AMOVE PAINT PiMCTlON VACUPS CALCULATED 
IN EVALUATINa THE OHAOIENT* 


PC > PUNCriON MINIMUM ON OUTPUT. 

EVAL - THC NAt« OP A USEN CCDEO tUWtUUTINE WHICH EVALUATES THE 
PUNCTION BEINC MINIMIZED • THIS NAIWE MUST APPEAH IN AN EXTEANAL 
STATFMENT OP THE CALCINE PMCOhAM. 

lEMA > OUTPUT frHUON CODE. 

1 DISTANCE TO THE MINIMUM I S> OPPOSITE THE OlAECTIUN 

INOICATCO BY THE OMAUlCNr OP THE PUNCTION.OPTIMUM HAS 
PROBABLY BCt;N KEACHLO. 

> 0 NORMAL CONVCAOENCE. 

- 1 OEM I VAT I VE OP FUNCTION ACUNL THE OIHECTION OP L INCAN 
MINIMIZATION WAS NOT NSUATIVE. USER SHOULD TRY SMALLEN 
VALUES IN THC DAV AANAY. 

> a NO PNOONtLS IN THE LINEAR MINIMIZATION. THE PUNCTIUN 
MINIMUM HAS PNOHABLY OEEN REACHCO. USER SHOULD TRY 
INITIAL CONDITIONS PUR XU. 

- i the L INCAN MINIMIZATION PAILEO TO CHANsiE THC FUNCTION 
value. THE function MINIMUM HAS PNOBA0LY BEEN NEACHCD ON A 
PLAT SURFACE. USER SHOULD TRY OIPPERENT INITIAL CONOITIONS 
PON XO ANU SEE IP THE SAME MINIMUM IS NEACHED. 

- A FAILURE TO CCNVENOE WITHIN ITNAX ITERATIONS. 

NV - TOTAL number OP PARAMETEHS NCLESSANV PON THC OETERMINAriaN 
OP THC FUNCTION IN SUOROUTINC EVAL.SOMC UP THESE PARAMETERS CAN 
BE MADE INACTIVE OURiNb OPTIMIZATION ANO THUS LEAD TO A VALUE 
UP N WHICH IS SMALLER THAN NV. 

NA - INTEOCN INPUT AHNAY CONTAININU THE LOCATIONS UP THE NUN 
ACTIVE PARAMETERS IN THE CXPAI^EO XU ARRAY. 

NOTE > THC ABOVE TWO PAN AMP TENS ARE USED IN SUBROUTINE EVAL- 
THROUGH THC USE OP SUHNOUTINC XZXX ANO XX2X. 


cee«tio4A 
C9D0ei04» 
COBOO 1 94* 
COMO I o4 7 
cooooie4o 
ceoooie4o 
coooaioio 
cooooioii 
cooooiosa 
coooti:of3 
COOOOIOE4 
COOOOtOES 
COOOOlOB* 
COOOOIOE7 
COOOOIOEO 
C0000I099 
OOOOtOEO 
COOOOlOOt 
C0000IM2 
C00001003 
COOOOIOSA 
OIPPERENT CO 00 01 DOS 
COOOOlOO* 
C00001007 
COOOOIOOfl 
COOOOIOOO 
C 00001040 
COOOOIOII 

cooooioi(a 

COOOOI 043 
COOOOIOSA 
COOOOIOljs 
COOOOlOT^b 
C0000I0;{7 
COOOOIOIfB 

C 00001049 

COOOOIOOO 
COOOOIOII 

ccoooloqa 
cooooloqs 


CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOlO^A 
01 MENS ION XUI 1 ) .PPSI I I *ORV( I ) *H( 60. 60) * XI 60 ) .G( 60 ) « YC 60 ) .OELl 60) . 0000 tO^S 


ICI60) .E( A).£C( A) .P (A ) 

S.CK60) 

3.X1 f I ) tX?< t ) .T5T<60) *UEX(60) .X1PHK60) *X2PHI 160) .XIETAI60) . 
PX2ETA(00) 

OlMCNSiON NA( I ) 

LOGICAL IDCNT 

OPTIONAL OUTPUT FORMATS 

2000 PORNATI IHO. 'PUNCTiON VALUE «**E20.t0/« VARIABLES XU) «*.E20.I0/ 


000010^6 
000010^7 
00001 0 I |8 
00001009 
00001090 
000010^1 
0000109 c 
00001093 

OOOOIO 9 A 
0000 I09S 


I 


t 

i 


I 


li 


i 


t(l7X»I«9«19H 

■0#l rOPWATf li«t*CO«imjTC dtiAOIENT*) 

I9«a POMNATf IMt *011X0 IINT -• .OXtEIO. I 9/1 ITX.ItO. 1011 

teoa raHMATf l»^«*01MECriQN OO MlNl»l|IATIOI«*/UK.ftO*IOil 

1004 PQUMATf IHO«*l.lNCAf( M1M1M12ATI0N - fUMCTIOM VA4.UI ■••IXOalOl 

•000 rOHMATIlHO. *M|M|IHM F;MiCriCM EVALUATION -**UO.IOI 

1000 FOmiATI IHO* *eilO OF ITEFATIOA *tlV/l 

t007 FOFHATf IFttXf 13taXtKI4*«tlX»f I4.0* IX . I 3« tK.C I4.0* IX « I IttXtK I4.0) 
toot FONMATf* ITtllMS FONT UNAX lOMX OKLMAX 

♦lOMX tlLOkCSTI**/) 
tOOO FOfIMATlAf I4.0) 

1010 FORNATf • INITIAL ONAOfffNTS VECTCMI 0(ll**/l 
toil FOfMATI* FINAL ORADIENTi VECTOR S<U*«/I 
tOlt FORNATC* ♦♦♦♦♦■♦♦•) 

NXTRIt«ti 

IUI«4 

IUS>4 

OO t laltN 

XIETAI I l-oOAOftl XII I 14ETAI 1 
IF (OAOSIXK I ) I.LT.t .1 X Iff r All )«>ETAI 
XtSTAI ; )-OAOS(X2< l)*FTAt > 

1FC0AA»(X2( ID.LT.t.l XffTTAd )■ETAI 
XIFH II 1 )>OABIi(XI C I MFHI I 

IFIOABSI XIPHI (I I I.LE.OAtKffPkf DM XIPHI ( 1 1-OAIIOI 1 • IFffPSf 1 ) I 
X2FHK ll«-0AU$< XX( I >*I»HI I 

IFIOAflSf X/PHII I ) I.Lt.OABlKCPSI 1)11 X2PHII l)■•*0AUM I .IFCPSIl I) 

2 CONTINUE 
C 

EMs. 10-13 
FMaFMIN 
ILIN « I 
LOVEST«t 

CALL EVALCXUtFOl 
C 

C COMPUTE CHAO I ENT 

C 

A IF (IM.UT.2I WPITE ( (U2.200U 
OO 10 l«I.N 
X( I }«XO( ! I 
S XO( I >-X( 1 lAOPVl I ) 

CALL EVALCXO.FGI 

IF (IM.G1.2) WFITEI 1U2.<;000) F G » ( Xu( J ) • J> 1 .N ) 

7 a< 1 )«(FG-Fa>/ oMvin 

10 XC( I )«X( i I 

CALL XX2X(NV.N.UEX.G.NA ) 

PRINT 2010 

PRINT 2009*(GEX( JI.J-l.NV) 

FRITEI 1UI.200B) 

20 10ENT«.TRUE. 

OO 30 1>1.N 
DO 25 J«I.N 
25 HI I f Jl«0.00 
HI 1 .n«l .00 
30 Cl I )«l.00 

IF (IW.GT.O) MRITEI 1U2.2002) IGID.IbI.N) 

C 

C DETERMINE DIRECTION ANU OIRECTIONAL DERIVATIVE 

C 

50 O«0.00 


•OBOIOWI 
OfOOIOftf 
» 0001 »«« 
•o««ie«o 
oo#oii#t 
00001 tM 
OOOBIIOt 
OOBOIIOfl 
00001104 
00001100 
OOOOIlOO 
00001109 
OOOOIlOO 

eoooiieo 

eeooiiio 

OOOOIIII 
OOOOllll 
00001113 
OOOOIII4 
OOOOIltO 
00001 116 
00001117 
OOOOIIIO 
00001119 

00001 ito 
00901 lat 

00901 Its 
00001113 
00001 il4 
QOOOllift 
OQOOl 116 
0000* 127 
00001 110 
00001 lio 
00001 n|o 

00001131 
00001 131 
00001133 
00001134 
00001 135 
00001136 
00001137 
0000113a 
00001139 
00001 140 
00C01141 
00001142 
00001143 
00001 144 
00001I4S 
00001146 
00001147 
00001148 
00001149 
00001 ISO 
OOOOIISI 
00001152 
00001153 
00001 1S4 


k 


u u u u u u 
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l»tJPTwl*0 
ffP«1.00 
00 *0 i«ltN 
MLI I )«9«00 
OU •• J»I.N 

ftO 0«l.( n«Ofl.l I l>H( J) 

If CONtTRAINIS ARC VlOLAfCO .STT OCtI l)*0.00 

If IXOI n .Ca.X2( 1 l.ANO.OCtl t I.wT.O.OO) OCUU l«0.00 
If (XOI I l.eu.Xll I ). AMO. OEM I l.i.T.0.00) 0CLU )>O.O0 
If (OCLI I I.CQ.O.OOI 00 TU 60 
&R«OM|NUl!PfOABS(EMS( t I /Of L II I > I 
D«D»OC n«OEU( 1 I 
60 CONTINUE 
EP»PP*.06O0 

If (O.LT.O.OO) uu ro 70 
IF( .NOT* lOCNT )UO TU 20 
ICRR > I 
GO TO 500 

70 If(fO.uT.fM) GU Tu M 
72 If (f(i|73.7A«79 
7J fM«2.00*fU 
60 TO 71 
74 fN«-I.OO 
GO TO 71 
76 fM«,5O0*FU 
71 CUNTINUf 

FI2 »»OMI Nl I 1 .D4 0.2. J0»I f M-FO/U) 

IP (I4.GT.M «HTF(IU2,?J0-<> ( UFU ( U . 1 ■ I . N ) 

If IIH.GT.O) Wf<ITE ( IU2.20U0) F U • ( XU I I) • I « 1 . N I 

P ( n «FO 
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CALL HXIN.d.GMAX. I uMAX) 
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103 If (OAOSiflZn.Lf.EP) E I 2) »PI ZlFl.lOUffM 
NTRI£S»0 
DU lOS laliN 

106 XI I )«XO( n>fc(2)*OCL( I } 

CALL EVAL<X.P(2)1 

IF (IW.uT.i) WRITE I 1J2.20 J4) FI/I 
IPIf I2I.NE.PI1 IIGU TU 107 
501 FI2)>2.O04EI2) 

GO TU 103 

107 CONT INUe 
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FI 3)*Ft?) 


9#9O1I0« 

9#09 I 1 if 
••••tlM 

OMRIIRR 
e0091l*9 
0990I 1*1 
eeooliRi 
090911*2 
99001194 
00901 199 
00001 1*9 
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CALL I VAL(X.F ( I ) ) 

ir (iw.uT.l) IF( f<l> 

IF (F( I ».OC.r<?) » l,j t.i I'jO 
r T T I -F ( I ) 

CT T ( I > 

F ( I » = t ( $ ) 

M U »F ( Jl 
F ( 3 ) - I T T 1 
M3)-* T T I 
GO T. Ir; 

1X0 LUfct ST -X 

If IX))I l> '.JO*f (,') 

IF { n*i< .( • ( * ) - rn) .1 f .* >ri'-r { . ) ♦• I . 11 ' '•) n 

If ( 1>AH ,( ' ( ' ) - t P ) .1 T L 1 X )) ) i p 1 . ) l !) )*F ( ? ) 

DC 1 -■ ) I - 1 , 

130 X( I ) X ( ! )♦! >*in Ml) 

If { F t). ,1 1 .’ ) lx - 1 , 1 4 1 

' ( 3 » •- • ( ) 

F ( X ) M ) 
f ( 3) -4 ( ' ) 

c At I ' V ai ( X t > ( * ) < 

II ( I s . . T . I ) . I 1 ' I 1 iJ ’ , . ■ ' 4 1 * t • 1 

tjU T' MJ 

lAO f 1 3) - ' O 

t ALl f VAl. I X ,1 ( 4 > 1 

ir ( 1 X . ,T . I 1 «h I Tl ( 1 JX t J 1 t ( > ) 

ISO I Al I 1 M 1 > 4 ( f , I , * ‘ t V I 1 ) 

1 -.0 Ul >T - I 

NT K I* > - Mth 1 t >♦ 1 

D.; H -j - , 3 

II (F 1 1 ) .1 T ,f ( I U»f '.1 ) )l V ► _ T I 
It.S CONTI.NJt 

It s^.DO + u > Ii.NC I .040,1 ( X ) t 

I F < A . ■ t . 0 ) I f -- A - 1 f 

If ( A .1 i . ),o0.i.f< . I 3'>X( I . II). .1 . 0 Am 3( 3 . t 14 t f ( If ) ) H I ( .: ) - 3 

♦ t ) 

F C F - f ( . ) 4 F, ' > 

IF ( PAPSI F F - 'I iWf ,T ) ) . L I . V > ) j T •• ••• ) 

IF ( 0A‘1S( •_! ( - ! ( I UkF ‘>t 1 ) ,l T . . P )• * ) Aff . I t (I I *iF , I ) ) ) >.ll I U XS'l 

If ( NM 1 1 S. .1 . V X Tf 1 , ) IT r C I '.fl , 'll. 1 

IF ( NTf 1 t S. j1 . V* I k M) p ll X 1 

IF < Ft ( IF ) .L T .Ff I X 1 ) If t‘ 4 1 

IF ( I L .F 1 , A ) V/.. T . M ) 

DU 1 FO LL = It . X 
L = 3-LL 4 It 
F (L 4 I ) - F (L 1 
170 F(L41)=F<L) 

leo t ( It ixrt-f-f. OF t'( L 

fV, l '40 I - I , \ • •»T’. 

1«J0 X( I )4X,,( I ) 41 i *UFf ( I ) 

CALL t VAL ( X ,F t li ) ) 

IF (Ia.uT.I) aF 1 T f" I 1U2..300A) r(U) 

IF { If .FU. n r 1 1 Sv 
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|F(ie«eO.«l €»0 TQ 210 

IMf>f I I.GT.r'f 4)160 TO 200 
CALL. INTIMMCtFiEe.A.O) 

lF(C(2)4EI(2).I.T.f (4).ANO. A. GT. 0.00)60 TO 140 
60 TO ttO 
200 KKK-2 

' CALL IHTIPMCE.F.BE.A.I) 
ir>(CI3)4EI:<2).6r.Ef t ).ANO. A. GT. 0 . 00)60 TO 220 
210 KKK«1 

1F(F(2) .LT.F( I ) .AND. F f 2 ) .LK .F < 3 ) .OH.M 2 ) .LE .f ( 1 ) • AND .r I 2 ) .LT. F 
1))60 TO ISO 
220 00 230 l«l.3 
FI I )«B( 1*1 ) 

230 FI I )-FI !♦! ) 

60 TO I ISO. 160) tKKK 

2S0 IF IIW.GT.O) WRI m IU2.200S) F(LOnEST) 

NIToNi T*l 

tNO OF MINIMIZATION ALONG DEL 
IF THERE WAS NO MOTICN RETURN 

IFIEiLOWESn.NE.O.O) GU TC 260 

in .NUT.IOENT) WRI Tt( lUI .2007) IL I N .FC.P1 . GM AX . I GM AX .DELM AX , I DMA X 
♦ CILOWEST I 

IFI .N0T.I0LN1 ) GO TC 20 
lEHR X Z 
GO TO 800 

260 IF IFILUWeST ) .NE.FO) GU 10 2 70 
lERR X 3 
GO TO 800 

CHANGE LILOFtbT) IF NECESSARY SU AS NOT TU VIULATE CONSTRAINTS 

270 IF lEILOWEST > .GE.0.00) GO TO 271 

WHITE! 10 I .200 7 I IL IN.FOPT ,GMAX. IGMAX.OELMAX. lOMAX.tILUWEST ) 

IF I .not. lOENTI GC TC 20 
lERR*- 1 
ITMAXxIUIN 
GO TO 650 
27 1 f 0*F (LOWEST ) 

DO 26 2 1 X I . N 

XTxXOI I )FE(LUWEST)«OEL( I ) 

TST ( I >«0.00 

IF|XT-X2(I).GT.X2ETA(D) TSTCI)xXl-X2(l) 

IF IXT-Xl I n.LT.XIETA(l)) fST(I)xXl(I)-XT 
262 CONTINUE 

CALL MX(N.TST.TSTMX.IMX) 

IFI TSTMX.tU. 0.00 ) GC TO 272 
DELAM*TSTMX/DEL I IMX) 

El LOWEST )xE I LOWEST ) -DABS! DEL AM) 

272 CONTINUE 

WRITE! lUl .200 7) ILIN.F OPT .UMAX . I v.MAX . DEL M AX , I OM A x , E ( L QWEST ) 

CHECK FOR CONVERGENCE AND CREATE A SUCTION ZONF NEAR CONSTRAINTS 
OF THICKNESS XKDWPKI OR X2(I)*PH5 

lERR X 0 
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IF! XO( I >.EQ.X2( I t .AKO.UELl i ) «uT . X2PH1 ( I 1 I lR2«vi 

IPIXUC I I .EQ.Xl I I l.ANO.OELl I ) .L T . XI PH I U ) 1 IR2«0 

IF( tRl.EQ.O.QR.|R2.CQ.O) IR3-0 

IFIIR3.NE.0) lEHH-10 

X( I |>X0( I)4E CLOSEST )4i)fcL ( I » 

IF( X( I )-X2( I ).ur*X2PHI ( in X( I )■X2( I > 

iF( XI n-xi ( I > .L t.xiphii I n xi 1 1 -xn n 

CONT INUE 

CALL CVAL ( X,f TST ) 

IMFTST.LE.F OPT #ON.Ni T.6I .2 ) OU TO ?74 

Cl 2 >»E<LU«fc ST I 

FI 1 )»0.00 

FO-FOPT 

FI I »»FOPT 

KKK»0 

GO TU lOj 

CUNT INue 

DO 276 I- I ,N 

DELI I nx I I )-X(M I ) 

XOI n>X| I ) 

Gill )>U( I) 

F0»F1 ST 

IF I U K,<.( 0 , a, AND. I Ot NT » U SJJ 

IF lUil MANT ITFmAIICNS HtTUFN 

IF ltN..>T.O) WPl n ( I J2.^00(>) UIN 
It IN* IL INF! 
lEWH - 4 

IF I IL IN.GT , 1 T MAX ) 0(J Tu bOO 

CALCUtATF Nf A uPAJlLNT 

IF IIW.oT.i^J aHI TF I IU2.20OI I 
on 300 1*1, N 

XI I |=XIJ| I ) 

IF IFU.FU.O.OO IvjU tu 28b 
IFlUl I I.EJ.O.OO) GO TO ?8b 
IFIIOCNTI GO TO ?db 

ETAM*0MAXl|ETA,0ABSlrM4G| I ) AXol I )/f a)) 

IFIGI I »4*2.GT.t( I »*nA0blFU)4f TAMJ jil TO 282 
DR VI I )*2.i>0*U)AOb( F 0) 40AHS(u{ I ) )*L T AH/C ( 1 M'*2 ) ** 

DRV! I l*DRVI I )*l I ,00-0AHSlG( I I) /I l.5D0*CI I)4l)«V( U 
♦ ) 

GO TO 28-5 
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IF I .SnOAUABbICl 1 ) *l)RVl I l/vj( 1 n .v,r . .UOIDO IGI) TU 2sJS 
XOI I )*X| I l+DKVl 1 1 
CALL EVIL IXO.FC.) 

IF IIN.uT.2) kHITFI 102,2000) F u , ( XU ( J 1 , J = 1 , N ) 
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t90 64 ll«(l>&-FO)/ORVf I ) 

M TO 300 

•9« OV«10O*0O«OAWS(FC*6TA'4/OCU ) 

ORVf ll>-0AeS(6( I U^OSQRTieCI |A«4«>aOO.OO*OAatf POIACI l IACTAM) 
ORVf i )«0RV( I >/Cf I ) 

ORVI I l•OMlNI C0RV4 II tOT) 

X04 1 »MXC 1 l»0KV( I ) 

CALL eVAL (XOtRRI 

IP (tM.OT.2) IkRi TE( IU2t2000 ) , ( XUI J ) . J« 1 1 N ) 

X04 1 loXl I l-OHVf I ) 

CALL evAL(XUtPMI) 

IP (lM.iiT.2) IMMTCI IJ2.2000 » F M I t ( XC ( J ) « J- 1 1 N ) 

; 6C I »».9O0*(PP-PMI >/ UWVCI) 

300 xoi I )«xi n 

IP ON CONSTRAINTS *SCT GIDoO.OO 
DO iOS 1>I.N 

IF ( xu( n .eo. X2( i I.AHU.GI I I.LT.O.OO) Ci< I )>0.00 
lF(X 0 in«e: 0 «X|(I) .ANU.G4 O.GT.O.DO) C(i)«0«00 
305 CONTINUE 

II MIN ALUNG -OtL it T C(INV) 

301 IF ir (LOwt sT » .L T.O.UO ) TO ..'0 

IF I IFNW .LO. 0) to 2 j 

MOD IF T H AND WfITtKATt 

IDENI* .F ALiF . 

A»0 .DO 

DO 310 I - 1 . N 

Y< 1 )*G( n-OI ( I > 

310 A«Afrl 1 »AOEL ( I > 

IF (iK.viT.O) WKI U ( IU2 .200^ I (s.( I ) . I = I .N) 

AA«A/E(LO*t ST I 
C1»I.D0/A- U/AA**2 
C2*2.D0/AA 
B^^O.OO 

DO 330 I*l.N 

C(I»»CIIlFCl*V( n»F2 FC2 *Y(I)*vjI(1) 

X< I »»0.D0 
DO 320 J>I.N 

320 XI n*X< I )FH( 1 , J »*Y( J I 
330 B«B-X< I »*Y( I ) 

DO 340 I»I.N 

IFICl I ).LE.0.DUH.U Tu 20 
DO 340 J»I,N 

HI 1 1 , JMUELI I )*OtL (Jl/A ♦MI)*X{J)/t< 

340 HI J, I >»HI I, J ) 

GO TO 50 

RETURN TO CALLING PwQ(.RAM 

500 IF (IM.gT.O) iRI IL'I IU2.2000 ‘ MJ . I XO IJ ) . I . N ) 

UMAX « ILIN 

IFI leRR.eO.O.UR. IfckW.EQ.4 ) Tu bOO 

IF I IFRR-2)ftl0.ft2 0.t.20 
OOO ITERNS=IL1N 
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IF ( lEHR.Lvl.O) 1 rFRNS«ILIN»l 
HRI TEC lull 2007) I TERNS. FU 
00 TO 480 

410 8RITE 1 lU 1.2007) |L I N.FLM*T «OM AX . I OMAX .Of LMAX. I OMAX 
00 TQ 650 

420 NRITFl IU1.20U7)|L IN . FOPT .uMAX . I GMAX .OTLMAX . I OMAX.Fl LOWEST ) 
1TERNS-1L1N4I 

WRl TEUU 1.2007) ITERNS.P (LCMEST) 

450 PRINT 2011 

CALL XX2X1NV.N.OCX.G.NA ) 

PRINT 2009. (GEX( J) .3*1 .NV) 

RETURN 

END 
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IF ( EHF2 3.LT.2.O04ACUKC V ) E RF ? J *2 . UO* ACURCY 
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THE NON ACTIVE PARAMETERS NA ( I) 
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1.0000000-04 

1 .0000000-04 
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0.0 

0. 0 

0.0 0.0 
FINAL GRADIENTS VECTOR G( I ) 

0.0 

0.0 
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0. 22 8 7 700- 01 - 

0.54 97 700400 

0.0 
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0.0 

0.0 
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0.0 

0.0 
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8888170-01 
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, 1.9341740402 1.4177440401 0.0 4 . 3597330-05 
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1.355074D402 9.4322140-06 
1.4378020402 5.1682600-06 
1.5205310402 2.9131620-06 
1.6032590402 1.6957050-06 
1.6859880402 1. 0140470-06 
1,7687170402 6.1749160-07 
1.8514450402 3. 7827540-07 
1 ,9341’40402 2.2665410-07 
2.016902D402 1,3069990-07 
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1 .9173010-03 
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1.0686500-03 
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6.9383180-04 

0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 

1 .4130210-04 

0.0 

1.2279600-04 

0.0 

1,0788420-04 

0.0 
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0.0 
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0.0 

7, 7006480-05 

0.0 

6.9764390-05 

0.0 

6.3553670-05 

0.0 

5.8182610-05 

0.0 

5.3502690-05 
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4.9397250-05 

0.0 

4.5773620-05 

0,0 

4. 2557330-05 

0.0 

3.9687960-0'i 

0.0 

3. 71 16080-05 

0.0 

3.4800860-05 

0.0 

3.2708350-05 

0.0 

3.0810130-05 

0.0 

2,9082230-05 

0.0 

2.7504330-05 


PSD! I 1 
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4.0363420-02 
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9.4141090*01 
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I . I 998Ben*07 
I .I896l6n«0? 
I .?77349n»07 
1 . 1990740*07 
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1 . 7 fr «71 70 * 0 ? 
I .891 4490*07 
1 .934 1 74 -)*0? 
7.0169070*0? 
7.0996310*07 
7.187 1600*07 
7 .7690880*07 
7. 34781 70*07 
7 .4 309460*07 
?.91 3? 740*07 

ORRMSl I ) T * , 


8 . 3104430-03 

0.0 

4 . 7097410-07 

0.0 

7 . 9879880-01 

0.0 

3 . 4979710-01 

0.0 

7 . 7901930-01 

9.0 

7 . 467991 ' 1 -nt 

0.0 

7 . 4731740-01 

0.0 

7 . 9709790-0 1 

0.0 

7 . 8997990-01 

0.0 

3 . 4379490-01 

0.0 

4 . 1 71 3980-01 

0 .0 

4 . 91 73980-01 

0.0 

9 . 0569740-01 

0.0 

4 . 1368100-31 

0 .0 

7 . 7890940-01 

0.0 

1 . 7319660-31 

. 3.0 

1 , 0684770-01 

0.0 

6 . 7357720 - 0 ? 

0 .0 

4 . 1987080-07 

0.0 

7 . 8874840 - 0 ? 

0.0 

1 . 931 7390 - 0 ? 

0 .0 

1,2966 710-07 

0.0 

8 , 55401 70- 0 1 

0.0 

9 , 31 ? 7.34 0-0 5 

0,0 

9 , 9510190-05 

0.0 

9 . 7078790-03 

0.0 

7 , 6688440- 0 5 

1.0 

1 . 7865300- 1 5 

3,0 

1 . 56 87570 - 3 ’ 

] .0 

1 . 9040170-35 

3 .0 


71 4000*00 0.0 


ns 

4 . 7931 190-93 
1 . 9173010-93 
1 . 0999890—93 
9 . 9393190-94 
4 , 9799780-04 
3 . 7899890-04 
7 . 9997100-04 
7 . 3931 330-04 
I . 9900910-04 
1 , 6471 140-04 
1 . 4130710-04 
1 . 7779600-84 
1 . 0788470-04 
9 . 9677330-05 
8 . 9931 000-09 
7 . 7006480 - 8 *^ 
6 . 9764390- 15 
6 . 3 « 5367 O -05 
6 . 818761 D -05 
350 ? e 9 J - 05 
4 , 9397750-05 
4 . “^ 773670-05 
4 , 7957330 - is 
••. 9687960 - 05 
3 . 71 16080-05 
3 . 4800860-05 
3 , 7708350 - 
3 . 08101 30 - 1 * 
7,9 387730 - !*• 
7. 7504 3 JO - 35 
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1 .0992970-01 

6 

2.0972150400 

2 

8.6086 250 400 

2.4730270-01 

3 

9.76957S0-02 
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APPCNOIX 6 

IHPUT/OUTPUT EXAMPLE FOR 6UST SENSITIVITY PROGRAM 

The source listing of the program is identical to that of the gust 
optimization program. The operating instructions given in Appendix B 
indicate which cards need be deleted or replaced together with the 
required changes in the data. 

The example chosen relates to the same DAST configuration (N-0.9) 
chosen for the gust optimization exanple. All the data required (except 
for the aerodynwiic coefficients which are identical to the ones used in 
the previous exanples) appears in the output. The control law used is 
based on the L.D.T.T.F. and it employs only three control variables. The 
sensitivity of these 3 variables is tested herein. Note that the array 
NA(I) involves 9 control variables. 

The varfation of URMS(I) (- 6^ and DRRMS(I) (- 6. with 
the control variables is printed in the output and is supplemented by 
plots illustrating this variation. 

It is important to note the following points: 

1) Reference to X(I) in the plotted output implies reference to 
the active X( I) array. 

2 ) In studying the sensitivity of the resonse to the various 
control parameters, one should remember the constraints 
imposed on the control variables during optimization. This is 
important since a control variable lying on a constraint will 
not necessarily exhibit a minimum type variation during the 
sensitivity studies. 

Note that all the control deflections are given in degrees per unit 
gust velocity. The plotted output shows labels which appear to be 
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displaced. These d1spUce*ents reflect transient diificulties 
encountered using a new plotter ind they do not originate from the 
programs used. 
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• I9i>ee«#eeoo«e«e«e4o--ot 
.6 

• 0 
.0 

-• I Oflflflflfloo«oflC9eeMi>-oi 

• 0 
•0 

• e 

• 0 
• 0 
.0 
• 0 
• 0 
.0 
• 0 
•o 
• 0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

1.00000000000000000 

.c 
.0 
• 0 

.0 

.0 

.0 

.0 

.0 

.0 

• CLP « 77.920000000000001 

.0 
.0 

•R. 100.000000000000000 

0 . 0 . 


• a » 9999999 « 9 « 9 «« 9 f « 

.0 

. 0 

.. looefloflooofloflooooto-oi 
- • at o«Oflo«CM>ooooooo i 

• e 
.0 

.0 

.0 

• 0 , 

.0 
.0 
• 0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

2 « EP » 

- 38. 1999999999999993 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

T . 

. 0 

C IH « 

.ME* 1, 

O . NCACT * 1 


. . 5000000000000000020 - 01 • 


> 199999999999999997 

.BOOOflOOOOOOOOflOCGO 

>600000000000000003 

>0 

.0 

>0 

O.M>UKCH« 


.300000000000000003 

.<,00000000000000006 

.0 

.0 

.0 

.0 

O.IRICIC* 2. 
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Xl(l) 

Xil) 

xf(i) 

•PO(l) 

>•0008000480 

• 10000000*00 

0. 0000000400 

•.0000000-01 

••0000000401 

0.0000000401 

7.0000000401 

••0000000400 

7. 0000008-01 

i.oooeooo-oi 

1.0000000400 

••0000000-08 

0.0 

0.0 

0.0 

0.0 

0.0000800401 

1.1000000*08 

1.0000000408 

i.ooeoMM)-o« 

••0000000-01 

0.0000000-01 

t.ooooeoo4oe 

1 .OOOOti'OO-Oft 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 0.0 
LINCTN* 3.000000C404 

0.0 

0.0 

NF* 30 PB06IN* 

0.B000000*00 

PINO* 0.4000000*02 


• M«*0»V0 


KV«ia 0 1 

EfA|> 9.0000000-13 Phi* l.OOOOCOO-04 

hCNACI- 9 KWACTa 3 

Tt-E hLS ACTIVE PAPAMETfchS NA( I I 

4 9 e 7 8 

5 to II 12 

4L* I.00000004CC MTa 1.0000000*00 


INITIAL (INPUT) VECTCr. DNV(i) 


1.0000000-04 

1. 0000000-04 

1 .0000000-04 

1.0C00C0O-U4 

1.0000000-04 

1 .0000000-04 

1 .0000000-04 

1 .0000000-04 

1. 0000000-04 

1. 0000000-04 

1.0000000-04 

1.0000000-04 

ENIN* 9.4000000*00 ETA* l.OOOCCOO-09 
ITNAXa 8 14a 0 


V>'«.X( ll.OAST 

MaO.vOUYN.PPEb 

II 

• 

o 


C.300000E401 

0.3900009*01 

0.4000006*01 

0.4500009*01 

0.900000£*CI 

O.SSOOCObACt 

C.60COOUE*Q1 


ONXS(I) Pio 

0.810790e-0l 

0.849990E-01 

0.8911 83 6-01 

0.9327836-01 

0.S74099E-O1 

0.1014e9E*CO 

C. 1094516*00 


VAR.XI I). CAST 

Ma0.900YN.PNCS 

ba 9.0 


0.3000009*01 

0.3900009*01 

0.4000006*01 

0.4500036*01 

0.9000008*01 

O.E500GOE*01 

C. 6000006*01 


CPPMSU) PSD 

0.693673E*C1 

0.6426809*01 

0 .6368406*01 

0.6336866*01 

0.8320E2E4CI 

0.63 13636*01 

0.6312399*01 


VAP.X( 2)«CAST 

M*0.900VN. PRESS* 9.0 


0.9000G0E402 

0.9900006*02 

0.600000E*02 

0.6500006*02 

C.7000C0C*C£ 
ORXS(l) PSO 

0. 102940E400 

0.997992E-01 

0 .9740956-01 

0.9569036-01 

C.944999E-01 




« 


o.Mooodc*«ta 


IMiO.SOOVN.MIftkB 1.0 


VAP.XC aitCASf 

o.foooeef^ea 
o. 7900 «ei 4 oa 
OAAHSIl} PSO 
o.AiaoaigAct 
«.t« 404 at*et 
VAP.XI aitOAII 

0. 7seoe»i«eo 
o.«foacflf«oo 

OAPSIl) PIO 


o.ftooa»f 4 Qa 


e.*aaaiiC 40 i 

M >0 

o.aoeooof40o 

a.ioeoGoc^ei 


e.«oeo 99 i*ot 


o. 4 aao«ai 40 i 

f «0 

O.aAOOMI^CM 


• 9 G 0 V»i.PPeSft« 


0.1044741400 0.10IOJ4t400 0.9449a«E-0l 

0.«fi3til>0l fl.«JIEJItC-01 


VAP,X( Ji.CASr 
0.7SO0COC400 
£.9900001*00 
OfiPVSd) PSD 
0. £344091*01 
0.6331941*01 
IERP« 0 1 


M«0.90CVN. PRESS* 5.0 
0.0000001*00 0.060000E400 

0 . 1000001*01 

0.6330991*01 0. 0333441*01 

0.6326191*01 
IIRATICNS PIRPLHKIO* 9 


CPTIPUM VECI 

« 

1 . 0000000*00 

1.2000000*03 

C.O 


LR MU 

6 . 0000000*01 

6 . 0000000-01 

0.0 


9.COOOOOO-01 

C.O 

0.0 


0.44 a# 931*01 

e.«oooooE*oo 

0.97409BC-01 


0.900000h*UQ 

0.6320631*01 

0 . 0 
0.0 
0.0 




y'^S,:X. 


A R X ( , n|ST 'm ' -iCrYfl': i 


■"0 

S ■'' 




t 


DRRM..^ 


I 


c_j 

Q 


/ R . / f R ^ A 
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